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INTRODUCTION. 


The Monruity Weatner Review for July, 1897, is based on| The Review is prepared under the general editorial super- 
2,864 reports from stations occupied by regular and voluntary | vision of Prof. Cleveland Abbe. Unless otherwise specifically 
observers, classified as follows: 144 from Weather Bureau sta- | noted, the text is written by the Editor, but the meteorological 
tions; numerous special river stations; 33 from post surgeons, | tables contained in the last section are furnished by Mr. A. J. 
received through the Surgeon General, United States Army ;) Henry, Chief of the Division of Records and Meteorological 
2,525 from voluntary observers; 96 received through the} Data. 

Southern Pacific Railway Company; 14 from Life-Saving| Attention is called to the fact that the clocks and self- 
stations, received through the Superintendent United States| registers at regular Weather Bureau stations are all set to 
Life-Saving Service; 32 from Canadian stations; 20 from | seventy-fifth meridian or eastern standard time, which is ex- 
Mexican stations; 7 from Jamaica, W. I. International actly five hours behind Greenwich time, and, as far as prac- 
simultaneous observations are received from a few stations ticable, only this standard of time is used in the text of the 
and used together with trustworthy newspaper extracts and | Review, since all Weather Bureau observations are required 
special reports. to be taken and recorded by it. The standards used by the 

Special acknowledgment is made of the hearty cooperation public in the United States and Canada and by the voluntary 
of Prof. R. F. Stupart, Director of the Meteorological Service observers are believed to generally conform to the modern 
of the Dominion of Canada; Mr. Curtis J. Lyons, Meteor- international system of standard meridians, one hour apart, 
ologist to the Government Survey, Honolulu; Dr. Mariano beginning with Greenwich. Records of miscellaneous phe- 
Barcena, Director of the Central Meteorological Observatory nomena that are reported occasionally in other standards of 
of Mexico; Mr. Maxwell Hall, Government Meteorologist, time by voluntary observers or newspaper correspondents are 
Kingston, Jamaica; and Commander J. E. Craig, Hydrog- generally corrected to agree with the eastern standard ; other- 
rapher, United States Navy. wise, the local meridian is mentioned. 








CLIMATOLOGY OF THE MONTH. 


GENERAL CHARACTERISTICS. |to standard gravity that depends on latitude is shown by the 
‘numbers printed on the right-hand border. 

The mean pressure during the current month was highest 
over the Bermudas and almost equally high on the coast of 
Washington. It was lowest in Manitoba and Saskatchewan, 
and almost equally low in Arizona. 

The mean temperature was decidedly below the normal in| The highest reduced pressures were: In the United States, 
the Rocky Mountain Plateau Region, and above normal in | Tatoosh Island, 30.13; Fort Canby, 30.11; Portland, Oreg., 
the Lake Region, being respectively the lowest and highest | Seattle, and Eureka, 30.08; Key West, 30.06; Tampa, Jupi- 
on record at several stations in these districts. Precipita-| ter, and Charleston, 30.05. In Canada, Bermuda, 30.17; 
tion over a small region in New Hampshire, Vermont, | Halifax, 30.07; Yarmouth, 30.06; Sydney, 30.03. The lowest 
western Massachusetts and Connecticut, eastern New York | Were: In the United States, Yuma and Phoenix, 29.76; Miles 
and New Jersey was in remarkable excess, the unprece-| City, 29.81; Fresno, 29.82; Williston, Moorhead, and Pierre, 


dented rainfall of 18 to 20 inches occurring in the center of | 29.88. In Canada, Prince Albert, 29.72; Battleford and 
this area; heavy rain also occurred in the Florida Peninsula | Winnipeg, 29.80 ; Medicine Hat and Qu’ Appelle, 29.81; Min- 
and in Minnesota, reaching a maximum of 13 inches between | edosa and Calgary, 29.83; Swift Current, 29.84. 

Duluth and St. Paul. _ As compared with the normal for July, the mean pressure 


/was generally deficient in the Mississippi watershed, the 


The mean barometric pressure was, as usual in this month, 
low over the large region extending from Hudson Bay south- 
west to the head of the Gulf of California, but it was ab- 
normally low especially in the Missouri and upper Missis- 
sippi valleys. 





Prcnctarai 'South and Middle Atlantic States, and northward to the 
ATMOSPHERIC PRESSURE. | British Possessions. It was in excess throughout the Rocky 
in Sacen ane Ree) /Mountain Plateau Region, New England, and the Canadian 


The distribution of mean atmospheric pressure reduced to | Provinces. 
sea level, as shown by mercurial barometers, not reduced to| The greatest excesses were: In the United States, Eastport, 


standard gravity, and as determined from observations taken 0.09; Winnemucea, 0.08; Tatoosh Island, 0.06; Fort Canby, 

daily at 8 a.m. and 8 p. m. (seventy-fifth meridian time), is| Baker City, Helena, Salt Lake City, and Denver, 0.05. In 

shown by isobars on Chart 1V. That portion of the reduction | Canada, Halifax, 0.15; Yarmouth and Father Point, 0.13; 
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Sydney, 0.12; Chatham, 0.10. The deficits were: Omaha, 
0.09; Miles City, Huron, Moorhead, St. Paul, Marquette, 
Davenport, 0.08. In Canada, Winnipeg, 0.09; Calgary, 0.07; 
Swift Current, 0.06; Qu’Appelle, White River, and Port 
Stanley, 0.05. 

’ As compared with the preceding month of June, the pressures 
reduced to sea level show a decided rise in New England and 
the Canadian Provinces, Washington, Oregon, and in the 
Rocky Mountain Plateau Region, and on the eastern Slope. 
Elsewhere a slight fall is reported. The greatest rises were : 
Tatoosh Island, Fort Canby, El Paso, and Eastport, 0.11; 
Seattle, Portland, Oreg., Santa Fe, 0.09; Omaha, Nantucket, 
0.07. In Canada, St. Johns, N. F., Halifax, Yarmouth, 0.14; 
Charlottetown, 0.13; Sydney, 0.12; Chatham and Father 
Point, 0.10. The greatest falls were: In the United States, 
Duluth, Marquette, Port Huron, Detroit, Sandusky, Cleve- 
land, and Erie, 0.05. In Canada, Prince Albert, 0.08; Battle- 
ford, Winnipeg, Port Arthur, White River, Port Stanley, 
0.05. 


AREAS OF HIGH AND LOW PRESSURE, 
By Prof. H. A. Hazen. 


During the month there were but four highs sufficiently 
well defined to be charted, and eight lows. The tracks of 
these conditions will be found on Charts I and II. The 
accompanying table gives the principal facts regarding the 
origin and disappearance and apparent motion or translation 
of these conditions. As usual, during the summer season, 
both highs and lows have been ill defined and could be fol- 
lowed only with difficulty. As already noted in May and 
June, the highs appeared to be offshoots from the permanent 
high pressure in the Pacific. There was also a slight indica- 


tion of a translation along the Pacific Coast from south to! 


north before the advance into the country. The paths of all 
of the highs crossed the country from the north Pacific to 
the south Atlantic Coast. The general course of the lows 
was to the north of Montana, and nearly every track was 
along the north border of the country. Numbers II, V, VII, 
and VIII of the lows reached the north Atlantic Coast, but 
the other four vanished to the west of the Mississippi River 
and Great Lakes. 


Movements of centers of areas of high and low presaure. 























First observed. | Last observed. | Path | = 
Number Ps | @ | 
, PES weiEl eg |3/ 18 
2 . a 2 ie oe |, & 2 > & 
> torre & Sree es tes eS te 
A i4i8 A ij4/3;8 /4/)4/B 
ee aie, esos | | 
High areas. ° ° o | © | Miles. |Days.| Miles. \Miles. 
Bonescseesese cess 7.p.m.| 47 128 | I2,a.m.| 35) 1m 1,930 | 4.5) 428 17.8 
Ble cccces+evecces 10, a.m. 53) 109/ I4,a.m.; 31; 89) 1,910 3.5 M5 22.7 
ae 16,p.m.| 46) 128 | 23,p.m 26; SO} 3,510) 7.0 501} 20.8 
BU Goces cosedses 24,p.m.| 45) 126 | 31,p.m 31 78 | 3,520) 7.0) 003 | 21.0 
| AG Seeres Se eee | ASaeres Gee Tews | 10,870 | 28.9 | 1, 997 
Mean of 4 
PANS. 00.0 -feveeceeeeeleceeelenecnclteeeeeerelensen|seeees 2,717 |..... 494 | 20.6 
Mean of 22.0 | 
GAYS... ose fovcccccccsleccccleccccclecccccces feccccleccoesleccceeseleceees 494 | 20.6 
Low areas | 
sadocoueeeuecene 1,a.m.| 52/ 115| Sam.) 51| 4! 1,4%/ 4.0) 355) 14.8 
a 5,p.m.| 54) 113) 14,p.m.| 49 68 | 4,540|) 9.0 54 | 20.9 
a 12, a.m. ie | 116 | 16,a.m. 40 88 2,410) 4.0 602 25.1 
BV cccceccccccece 14,p.m. | 51 116 | 18,a-m. | 52; 100) 1,490) 3.5 409 | 17.0 
W etcvccccccceces 19, p.m. teu) 114 | 2%, a.m. 44 4) 2,540) 5.5 463 19.3 
WH so cucene cose 21,a.m. 53 115 | 24,a.m. 41 96 1,260; 3.0 420 17.5 
Wildedéees coocesd 24,.p-m./ 53 | 108 | 30,p.m.| 44 62) 3,010) 6.0 501 | 2.8 
Widccoces cocces 27,p.m. | 52/ 111 s 43 63) 2,680) 5.5 488 | W.3 
Total.. efeccccccccsfoccccleccccciecccccccccleseccfeccese 19,200 | 40.5 | 38,742 
Mean of 8 
Mbsecacelcees c6bcccleccce © eocelecccescoccfocccoieccess 2,411 |...... 468 19.5 
Mean of 40.5 
Giscas ceseleececwesocheccncisccbesdnces ceecsslocoecleocceclcess soccheceses 476 | 19.8 
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LOCAL STORMS. 
By A. J. Henry, Chief of Division of Records and Meteorological Data. 


3d, 6th, 8th.—Unusually heavy rainfall, accompanied by 
winds of sufficient force in some cases to unroof buildings 
and prostrate frail structures, prevailed over portions of 
Minnesota and northern Wisconsin. It is estimated that 
the streets, parks, etc., in the city of Duluth were damaged 
by the rain and wind of the 3d to the extent of $50,000. 

On the 6th a tornado formed a short distance west of 
Lowery, Pope County, Minn. It traveled about 6 miles in 
a northeasterly direction in a path from 25 to 80 rods in 
width. Two persons were killed and 8 injured. Its ap- 
proach was very generally observed and almost everyone had 
an opportunity to escape. 

12th, 13th, 14th.—Many severe thunderstorms occurred on 
these dates throughout Michigan, Ohio, and eastward to the 
Atlantic. The winds on the coast from New Jersey to Maine 
were unusually severe for the season. Three lives were lost 
by drowning, and several small craft were wrecked. 

22d.—A very severe thunderstorm and squall wind swept 
over Philadelphia and vicinity. Damages by hail, wind, and 
water were sustained in all parts of the city. 

23d.—A violent thunderstorm experienced in New York on 
the afternoon of this date. Lightning struck in many places, 
including several of the high structures in the neighborhood 
of the City Hall. Beyond shattering the flagstaffs, but little 
damage was done. 

380th.—A minor tornado was observed at 7 p. m., central 
time, near the town of San Jose, Ill. One house was de- 
stroyed and 6 of the inmates killed. Five other persons were 
injured. The path of the storm was quite narrow; its length 
could not be ascertained. 

> oe 


TEMPERATURE OF THE AIR. 
{In degrees Fabrenheit.] 


The mean temperatures and the departures from the normal, 
as determined from records of the maximum and minimum 
thermometers, are given in Table I for the regular stations 
of the Weather Bureau, which also gives the height of the 
thermometers above the ground at each station. The mean 
temperature is given for each station in Table II, for volun- 
tary observers. 

The monthly mean temperatures published in Table I, for 
the regular stations of the Weather Bureau, are the simple 
means of all the daily maxima and minima; for voluntary 
stations a variety of methods of computation is necessaril 
allowed, as shown by the notes appended to Table II. The 
mean temperatures given in Table III for Canadian stations 
are the simple means of 8 a. m. and 8 p. m. simultaneous ob- 
servations. 

The regular diurnal period in temperature is shown by the 
hourly means given in Table V for 29 stations selected 
out of 82 that maintain continuous thermograph records. 

The distribution of the observed monthly mean temperature of 
the air over the United States and Canada is shown by the 
dotted isotherms on Chart IV; the lines are drawn over the 
Rocky Mountain Plateau region, although the temperatures 
have not been reduced to sea level, and the isotherms, there- 
fore, relate to the average surface of the country occupied by 
our observers; such isotherms are controlled largely by the 
local topography, and should be drawn and studied in con- 
nection with a contour map. 

The highest mean temperatures were: In the United States, 
Yuma, 91.1; Phoenix, 89.6; San Antonio, 85.0; Shreveport, 
84.8; Palestine, 84.4; Galveston and Port Eads, 84.2. In 
Canada, Bermuda, 78.4; Toronto and Ottawa, 71.2; Parry 
Sound, Montreal, 70.6; Kingston, 70.2; Port Stanley, 70.1. 
The lowest were: In the United States, Point Reyes Light, 
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54.4; Tatoosh Island, 55.0; Port Angeles, 55.1; Eureka, 55.8; 
Fort Canby, 57.8. In Canada, Banff, 52.6; Esquimault, 56.5; 
St. Johns, N. F., 56.8; Calgary, 57.5; Father Point, 57.7; 
Edmonton, 58.1. 

As compared with the normal for July, the mean temperature 
for the current month was in excess slightly on the Califor- 
nia coast, but decidedly throughout the Mississippi water- 
shed, Lake Region, northern New England, and the Maritime 
Provinces, It was decidedly deficient over the Rocky Moun- 
tain Plateau Region and slightly on the New England Coast. 
It was the coldest on record for the eastern portions of Wash- 
ington and Oregon. 

The greatest excesses were: In the United States, Sault Ste. 
Marie, 5.5; Buffalo, 4.7; Northfield, 4.5; Milwaukee, 3.8; 
Alpena, 3.7; Green Bay, 3.5; Topeka, 3.4. In Canada, White 
River, 6.5; Parry Sound, 5.6; Saugeen, 5.4; Rockliffe, 4.6. 
The deficits were: In the United States, Walla Walla, 4.6; 
Baker City, 4.4; Lander, 4.3; El Paso, 3.7; Salt Lake City, 
3.6. In Canada, St. Johns, N. F., 4.2; Esquimault, 3.5; Bat- 
tleford, 2.9; Edmonton and Medicine Hat, 2.8. 

Considered by districts the mean temperatures of the cur- 
rent month show departures from the normal as given in 
Table I. The greatest positive departures were: Lower Lake, 
2.2; Upper Lake, 3.0; Missouri Valley, 1.5. The greatest 
negative departures were: Southern Plateau, 2.4; Northern 
Plateau, 3.6. 

In Canada, Prof. R. F. Stupart says: 


Temperature was a little below average in British Columbia and the 
Northwest Territories; it was from 0° to 4° above in Manitoba, and from 
3° to 7° above in the Province of Ontario. In (Quebec, between Montreal 
and Quebec City, it was 4° above, and thence the difference diminished 
to about 1° above at Gaspe. In New Brunswick and Nova Scotia there 
was a general excess ranging between 1° and 3°. 


The years of highest and lowest mean temperatures for July 
are shown in Table I of the Review for July, 1894. The 
mean temperature for the current month was the highest on 
record at: Palestine, 84.4; Parkersburg, 76.5; Milwaukee, 
73.2; Alpena, 69.0; Sault Ste. Marie, 67.6. Itwas the lowest 
on record at: Baker City, 62.2; Spokane, 65.2; Winnemucca, 
68.1; Walla Walla, 70.6; Salt Lake City, 71.9. 

The maximum and minimum temperatures of the current 
month are given in Table I. The highest maxima were: 112, 
Yuma (10th); 110, Fresno (11th); 107, Phenix (30th); 
106, Red Bluff (13th); 105, Walla Walla and Sacramento 
(11th), Abilene (26th). The lowest maxima were: 62, Ta- 
toosh Island (18th); 67, Eureka (18th), Port Angeles (9th) ; 
69, Fort Canby (13th); 74, Astoria (10th), 78, Block Island 
and Woods Hole (16th). The highest minima were: 74, Port 
Eads (frequently); 72, Corpus Christi (14th); 71, New Or- 
leans (17th), Charleston (14th); 70, Key West (7th), Tampa 
(17th), Galveston (27th). The lowest minima were: 34, 
Idaho Falls (19th); 35, Winnemucca (8th); 37, Baker City 
(7th); 39, Carson City (8th); 40, Cheyenne (frequently) ; 
41, Lander 18th. 

The years of highest maximum and lowest minimum tempera- 
tures for July are given in the last four columns of Table I of 
the Review for July, 1896. During the current month the 
maximum temperatures were equal to or above the highest 
on record at: Kansas City, 102; Sandusky, 100; Rochester 
and Parkersburg, 99; Alpena, 98; Cleveland, 97; Northfield 
and Buffalo,95; Erie, 94; Grand Haven, 93. The minimum 
temperatures were equal to or below the lowest on record at: 
Winnemucca, 35; Santa Fe and Pueblo, 43; San Francisco, 
47; Abilene, 61. 

The greatest daily range of temperature and the data for com- 
puting the extreme and mean monthly ranges are given for each 
of the regular Weather Bureau stations in Table I. The 


largest values of the greatest daily ranges were: Fresno, 52; 
Idaho Falls, 50; Havreand Pueblo, 45; Cheyenne, 44; Walla 





Walla, Winnemucca, and Carson City, 43. The smallest val- 
ues were: Tatoosh Island and Hatteras, 11; Key West, 13; 
Port Eads, San Diego, and Fort Canby, 15; Nantucket, 16. 

Among the extreme monthly ranges the largest were: Idaho 
Falls, 62; Winnemucca, 61; Pueblo and Fresno, 58; Baker 
City, 56; Walla Walla and Miles City, 55. The smallest val- 
ues were: Tatoosh Island, 14; Port Eads, 19; Fort Canby, 
San Diego, and Hatteras, 20; Key West and Eureka, 21. 

Accumulated monthly departures from normal temperatures 
from January 1 to the end of the current month are given in 
the second column of the following table, and the average 
departures are given in the third column, for comparison with 
the departures of current conditions of vegetation from the 
normal condition. 











Accumulated Accumulated 
departures. | departures. 
| = . 
Districts. | . | Districts. 
Total. | “Ver || Total. | Aver 
age. | | age. 
ay ae 
° ° | ° ° 
New England ........++++: | + 3.7 | 1 0.5 Ohio Valley and Tenn...) — 1.1 | — 0.2 
Middle Atlantic........... 1 0.7 | + 0.1 | North Dakota....... .... — 5.0) —0.7 
South Atlantic ............ - 0.7 Tt 0.1 } Northern Slope .......... —2.1} —0.3 
Florida Peninsula......... 0.1 + 0.0 || Southern Slope........... — 0.2; — 0.0 
PE Gi csccicesessnnce <0 + 1.9) + 0.3 || Southern Plateau........ — 6.1 te 0.9 
EE cc niigdnienen was 6.2 +- 0.9 || Middle Plateau .......... —8.0}; — 1.1 
Lower Lake .. .....c.s.00. | + 3.6 | + 0.5 || North Pacific...........- —1.2) —0.2 
Upper Lake .........-.000. | + 9.2 | + 1.3 || Middle Pacific............ —1.6| —0.2 
Upper Mississippi Valley..| + 2.6 | + 0.4 | South Pacific............. —41} —0.6 
Missouri Valley ........... t 2.1) + 0.3 || 
Middle Slope......+-.-+.++ 2.9 | + 0.4 || 
Northern Plateau......... + 5.4 | + 0.8 |} 
H 
~~. 
MOISTURE. 


The quantity of moisture in the atmosphere at any time 
may be expressed by the weight of the vapor coexisting 
with the air contained in a cubic foot of space, or by the 
tension or pressure of the vapor, or by the temperature 
of the dew-point. The mean dew-point for each station of 
the Weather Bureau, as deduced from observations made at 
8 a. m. and 8 p. m., daily, is given in Table I. 

The rate of evaporation from a special surface of water 
on muslin at any moment determines the temperature of 
the wet-bulb thermometer. The mean wet-bulb temperature 
is now published in Table I; it is always intermediate, and 
generally about half way between the temperature of the air 
and of the dew-point. The quantity of water evaporated 
in a unit of time from the muslin surface may be considered 
as depending essentially upon the wet-bulb temperature, the 
dew-point, and the wind. 

The relative humidity, or the ratio between the moisture 
that is present in the air and the moisture that it would con- 
tain if saturated at its observed temperature is given in 
Table I as deduced from the 8 a. m. and 8 p. m. observations. 
The general average for a whole day, or any other interval, 
would properly be obtained from the data given by an evapo- 
rometer, but may also be obtained, approximately, from fre- 
quent observations of the relative humidity. 

—e oO 
PRECIPITATION. 
{In inches and hundredths. | 


The distribution of precipitation for the current month, as de- 
termined by reports from about 2,500 stations, is exhibited 
on Chart III. The numerical details are given in Tables I, 
II, and III. The total precipitation for the current month 
was largest, exceeding 19 inches in central and western Con- 
necticut, and exceeding 6 inches over the greater part of New 
England and the Middle Atlantic coast region. It was also 
unusually large in Wisconsin and the Florida Peninsula. 
Little or no rain fell in Oregon, California, southern Idaho, 
Nevada, Utah, parts of Arizona and New Mexico. 
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The larger values for regular stations were: New Haven, 
16.63; New York,9.52; Charleston, 9.42; Kittyhawk, 9.06; 
Hatteras, 8.98; Buffalo, 8.29; Savannah, 8.10; Hannibal and 
Northfield, 8.04; Moorhead, 8.02; Atlantic City, 8.01. In 
Canada, Swift Current, 6.27; St. Johns, N. F., 6.09; Bermuda, 
5.79; Calgary, 5.54; Banff, 5.34. 

Details as to excessive precipitation are given in Tables XI 
and XII. 

The diurnal variation, as shown by tables of hourly means 
of the total precipitation, deduced from the self-registering 
gauges kept at the regular stations of the Weather Bureau, 
is not now tabulated. 

The current departures from the normal precipitation are 
given in Table I, which shows that precipitation was in ex- 
cess over a narrow belt extending from New Hampshire and 
Massachusetts to Virginia, and thence westward to the Rocky 
Mountain Plateau. It was especially deficient in the interior 
of the Gulf States. The large excesses were: New Haven, 
11.7; Duluth, 5.6; New York, 5.38; Buffalo, 5.1; Northfield 
and Hannibal, 4.9; Atlantic City, 4.6; Nashville, 4.3; Moor- 
head, 4.1. The large deficits were: Port Eads, 6.1; Pensa- 
cola, 4.5; Tampa, 3.6; Montgomery, 3.1; Little Rock, 3.0. 

The average departure for each district is given in Table 
I. By dividing each current precipitation by its respective 
normal the following corresponding percentages are obtained 
(precipitation is in excess when the percentage of the normal 
exceeds 100): 

Above the normal: New England, 177; middle Atlantic, 
144; south Atlantic, 109; east Gulf, 142; Ohio Valley and 
Tennessee, 132; lower Lake, 145; upper Lake, 126; North 
Dakota, 128; upper Mississippi, 119; southern Slope, 111; 
southern Plateau, 107; middle Plateau, 188; north Pacific, 
132. 

Normal: northern Plateau and southern Pacific, 100. 

Below the normal: Florida Peninsula, 87; west Gulf, 37; 
Missouri Valley, 80; northern Slope, 94; middle Slope, 96; 
middle Pacific, 9. 

In Canada, Prof. R. F. Stupart says: 


The rainfall was a little above average in British Columbia. It was 
very decidedly above in Alberta, where the excess was from 1 to 3 
inches, but in Assiniboia and Saskatchewan, except locally, the differ- 
ence from average was not great, and in some places there was a defi- 
ciency. In western Manitoba there was a small deficiency, but in the 
eastern part of the Province and thence throughout the Lake Region, 
there was a marked excess, except in the southwestern counties of 
Ontario, and also in a small district north of Lake Superior. In the 
central and more northern parts of Ontario the fall was from double 
to three times the average amount. In Quebec it was about average, 
and in the Maritime Provinces there were no marked departures from 
average, except in the extreme eastern portion, and near the upper 
part of the Bay of Fundy, where there was a deficiency. 

The total accumulated monthly departures from January 1 to 
the end of the current month are given in the second column 
of the following table; the third column gives the percent- 
age of the current accumulated precipitation relative to its 
normal value. 














3s | 3s 33 | 33 
au <u rt ecu 
52 338 || se ss 
Districts. Bt as 1] Districts. at aa 
sh | ss || 58 | ss 
8S | 88 | 88 | 82 
< <6 | <a> | 46 
es _ See ES ES 
| Inches. | Perct. Inches. | Per ct. 
New England ........... -| + 1.80 | 107 || Middle Atlantio.......... — 0.40 98 
Florida Peninsula ........ + 3.80) 114 | South Atlantic...... ++) — 1.70 9% 
Ohio Valley and Tenn..... 2.50 109 | East Gulf...............+- — 2.00 MM 
Upper Lake ........scseeees 0.20 1 || West Gulf ............00- — 5.80 7 
North Dakota............. t 0.80 106 | Lower Lake .............. | — 0.70 08 
Upper Mississippi Valley. 3.00} 114 || Missouri Valley.......... | — 0.30 99 
Middle Slope ............ «| + 0.90 106 | Northern Slope .......... |— 1.00 90 
Southern Slope............ 2.30 119 | North Pacific.... ........ on 1.50 95 
Southern Plateau. ....... + 2.70) 164 || Middle Pacific. .......... | — 2.30 Po 
Middle Plateau ........... 0.20 103 
Northern Plateau......... f 0.30 | 108 | 
South Pacific. ...........+. 0.80 110 | 

















The years of greatest and least precipitation for July are 
given in the Review for July, 1890. The precipitation 
for the current month was the greatest on record at: 
Buffalo, 8.29; Hannibal and Northfield, 8.04; Moorhead, 
8.02; Atlantic City, 8.01; Rochester, 6.37; Nantucket, 4.382. 
It was the least on record at: Corpus Christi, 0.00; Pen- 
sacola, 2.19. 

SNOWFALL. 

The total monthly snowfall at each station, if any occurs, is 
given in Tables I and II. The chart of geographical dis- 
tribution is omitted for this month. 

HAIL. 

The following are the dates on which hail fell in the 
respective States : 

Alabama, 16. Arkansas, 29. California, 21. Colorado, &, 


9, 10, 14, 17, 23, 24, 26, 31. Delaware, 23,31. Georgia, 3, 15, 


21. Idaho, 1, 7, 17, 26. Illinois, 9, 12, 24, 25, 30. Indiana, 
9, 10, 16, 23, 30, 31. Lowa, 2, 3, 6, 11, 22, 23, 24, 30. Kansas, 


1, 3, 4, 24, 28. Kentucky, 4, 6, 7, 9, 10, 11, 17, 19, 23, 24. 
Maine, 23, 31. Maryland, 2, 7, 11, 12, 14, 17, 18, 19, 23, 31. 
Massachusetts, 31. Michigan, 17, 29, 30. Minnesota, 2, 3, 5, 
6, 11, 18, 19, 29. Missouri, 10, 11, 15,25. Montana, 6, 7, 17, 
18, 22, 30. Nebraska, 5, 9, 11, 26, 27. Nevada, 16, 22, 25. 
New Hampshire, 6, 17,31. New Jersey, 2, 3, 14, 22,23. New 
Mexico, 1, 9, 16 to 19, 27, 28. New York, 6, 10, 11, 14, 15, 20, 
22. North Carolina, 3, 14, 28. North Dakota, 3, 4, 5, 10, 14, 
16, 17,25,31. Ohio, 5,11, 14, 17, 19, 20, 22, 23, 24,31. Oregon, 
1,6,20. Pennsylvania, 1,7, 11, 14, 17, 18, 22, 23, 30,31. South 
Dakota, 3, 4, 5, 20, 29, 30. Tennessee, 16, 24,25. Texas, 16, 
17,27, 28. Utah, 16,21. Virginia, 7, 14,23. Washington, 7, 
West Virginia, 18,23. Wisconsin, 5,11,25. Wyoming, 14, 17, 
19, 30. 
HEAVY RAINS. 

Among the remarkable rains of the month are the following 
items, taken from the printed reports of the respective State 
sections: 

Indiana.—Evansville, Vanderburg County: On July 1, during a heavy 
thunderstorm, 4.75 inches of rain fell between 3 a. m and 8 a. m, seventy- 
fifth meridian time. Jeffersonville, Clark County: On the 10th, from 
12:15 p. m. to 2:02, 4.74 inches of water fell during a heavy storm; a 
portion of it fell as large hail, between 12:18 and 12:40, doing consid- 
erable damage Liberty, Union weyey 5 On the evening of July 23, 
hailstones appearing as if cut from a thick, flat piece of frozen snow, 
and others like great chunks broken from cakes of ice. 

Maryland.—Jewell, Anne Arundel County: On the 26th, from 6 p. m. 
to the 27th at noon, there fell 14.75 inches; the 2-inch receiver of the 
rain gauge was filled seven times from the overflow cylinder, and the 
eighth es gave the additional 0.75. The voluntary observer, Mr. 
Joseph Plummer, states that all the residents of that section agree that 
it was the heaviest rainfall they had ever witnessed. 

New England.—The remarkable rain of the 12-14th lasted from thirty 
to thirty-six hours in western Connecticut and Massachusetts, and at 
the close of the storm it was found that from 5 to over 10 inches had 
fallen in many sections, exceeding previous records for any single 
storm; Southington, Conn., had 10.30 inches (in 33 hours); Bridgeport, 
Conn., had 9.39 inches; Windsor and Hartford, Conn., 9.22 and 9.17 
inches, respectively, while at the mouth of the Connecticut River the 
measurement was nominal; farther north, through western Massachu- 
setts and into Vermont, New Hampshire, and Maine, the amounts 
reached 5 and 6 inches, but along the eastern coast the precipitation 
was very small. : 

The second heaviest storm of the month came on the 22d. This had 
remarkable local irregularities in Connecticut, where the precipitation 
was the greatest. In some localities the storm resembled a cloudburst, 
and the consequent floods were worse than for many years. Finally, 
on the 29th, the third deluge occurred, accompanied by severe electrical 
disturbances. These storms created flood conditions in various regions, 
which assumed altogether colossal proportions. Several lives were lost 
and thousands upon thousands of dollars’ worth of damage must have 
been done to bridges, highways,etc. On the 16th the Connecticut River 
at Hartford, Conn., was nearly 20 feet above low-water mark; on the 
23d it was 11 feet above, and on the 30th, 19.45 above. 

Wisconsin.—Butternut Station (one of the highest stations in the State), 
Ashland County: The voluntary observer, Mr. John J. Hayden, reports 
for the month 15.11 inches, out of which 10.15 fell between early morn- 
ing of the 24th and some time late in the night of the 24-25th. There 
was no thunder with this rain. 
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WIND. 

The prevailing winds for July, 1897, viz, those that were 
recorded most frequently, are shown in Table I for the regu- 
lar Weather Bureau stations. 

The resultant winds, as deduced from the personal observa- 
tions made at 8 a. m. and 8 p. m., are given in Table VIII. 
These latter resultants are also shown graphically on Chart 
IV, where the small figure attached to each arrow shows the 
number of hours that this resultant prevailed, on the assump- 
tion that each of the morning and evening observations rep- 
resents one hour’s duration of a uniform wind of average 
velocity. These figures indicate the relative extent to which 
winds from different directions counterbalanced each other. 

Maxinum wind velocities are given in Table 1, which also 
gives the altitudes of the Weather Bureau anemometers above 
the ground. Maxima of 50 miles or more per hour were re- 
ported during this month at regular stations of the Weather 
Bureau as follows (maximum velocities are averages for five 
minutes; extreme velocities are gusts of shorter duration, 
and are not given in this table): 
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SUNSHINE AND CLOUDINESS. 


The quantity of sunshine, and therefore of heat, received 
by the atmosphere as a whole is very nearly constant from 
year to year, but the proportion received by the surface of 
the earth depends upon the absorption by the atmosphere, 
and varies largely with the distribution of cloudiness. The 
sunshine is now recorded automatically at 22 regular stations 
of the Weather Bureau by its photographic, and at 40 by its 
thermal effects; at one of these stations records are kept by 
both methods. The photographic record sheets show the ap- 
parent solar time, but the thermometric records show seventy- 
fifth meridian time; for convenience the results are all given 
in Table X for each hour of local mean time. In order to 
complete the record of the duration of cloudiness these 
registers are supplemented by special personal observations 
of the state of the sky near the sun in the hours after sunrise 
and before sunset, and the cloudiness for these hours has 
been added as acorrection to the instrumental records, whence 
there results a complete record of the duration of sunshine 
from sunrise to sunset. 

The average cloudiness of the whole sky is determined by 
numerous personal observations at all stations during the 
daytime, and is given in the column “average cloudiness” in 
Table I; its complement, or percentage of clear sky, is given 
in the last column of Table X for the 61 stations at which 
instrumental self-registers are maintained. 

COMPARISON OF DURATIONS AND AREAS. 


The sunshine registers give the durations of effective sunshine 
whence the durations relative to possible sunshine are derived ; 
the observers’ personal estimates give the percentage of area 
of clear sky. These numbers have no necessary relation to 
each other, since stationary banks of clouds may obscure the 
sun without covering the sky, but when all clouds have a 
steady motion past the sun and are uniformly scattered over 
the sky, the percentages of duration and of area agree closely. 
For the sake of comparison, these percentages have been 





brought together, side by side, in the following table, from 
which it appears that, in general, the instrumental records 
of percentages of durations of sunshine are almost always 
larger than the observers’ personal estimates of percentages 
of area of clear sky; the average excess for July, 1897, is 
11 per cent for photographic and 13 per cent for thermo- 
metric records, 

The details are shown in the accompanying table, in which 
the stations are arranged according to the total possible dura- 
tion of sunshine, and not according to the observed duration. 

Difference between instrumental and personal observations of sunshine. 
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ATMOSPHERIC ELECTRICITY. 


Numerical statistics relative to auroras and thunderstorms 
are given in Table IX, which shows the number of stations 
from which meteorological reports were received, and the 
number of such stations reporting thunderstorms (T) and 
auroras (A) in each State and on each day of the month, re- 
spectively. 

Thunderstorms.—The dates on which the number of reports 
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of thunderstorms for the whole country were most numerous 
were: 9th, 249; 10th, 294; llth, 282; 18th, 243; 23d, 254. 
They were least numerous on the 12th, 81; 29th, 80. 

Reports were most numerous in: Illinois, 245; New York, 
240; Ohio, 439; Pennsylvania, 299. 

Thunderstorm days were most numerous in: Colorado, 28; 
Florida, 830; New York, 29; Ohio, 31; Tennessee, 27. 

In Canada.—Thunderstorms were reported on the follow- 
ing dates: Halifax, 24; Grand Manan, 9, 30; Yarmouth, 24, 
30; Chatham, 5,6; Father Point, 10, 23; Quebec, 2, 7, 11, 
15, 16, 21, 22, 23; Montreal, 1, 5, 11, 14, 16, 20, 23; Rock- 
liffe, 5, 14, 19, 21, 23; Toronto, 11, 18, 22, 23, 30; White 
River, 9, 17, 26, 27, 30; Port Stanley, 11, 18, 14, 18, 25, 26, 
30, 31; Saugeen, 18; Parry Sound, 11, 14, 20, 22; Port Ar- 
thur, 3, 4, 8,9; Winnipeg, 2, 4, 5, 8, 18, 28, 29; Minnedosa, 
5, 13, 17, 25; Qu’Appelle, 1, 3, 6; Medicine Hat, 10, 25; 
Swift Current, 5, 6, 8, 10, 21, 24; Calgary, 9; Prince Albert, 
4, 30; Edmonton, 1, 17, 24, 30; Battleford, 6, 7, 21. 


Auroras.—The evenings on which bright moonlight must 
have interfered with observations of faint auroras are assumed 
to be the four preceding and following the date of full moon, 
viz, from the 9th to the 17th, inclusive. On the remaining 
twenty-two days of this month 123 reports were received, or 
an average of about 6 per day. The dates on which the num- 
ber of reports of auroras for the whole country especially ex- 
ceeded this average were: 21st, 51; 30th, 39. 

Reports were most numerous in: Iowa, 11; Michigan, 22; 
Ohio, 17; Wisconsin, 19. 

The number of reports was a large percentage of the num- 
ber of observers in: Michigan, 20; Ohio, 13; South Carolina, 
14; Wisconsin, 31. 

In Canada.—Auroras were reported on the following dates: 
Halifax, 21; Charlottetown, 21; Father Point, 21, 26, 28, 
29; Quebec, 21; Montreal, 21,30; White River, 22; Saugeen, 
20; Winnipeg, 6; Minnedosa, 29, 30; Medicine Hat, 18; 
Swift Current, 31; Prince Albert, 20, 21, 30. 





CLIMATE AND CROP SERVICE. 


By James Berry, Chief of Climate and Crop Service Division. 


The following extracts relating to the general weather con- 
ditions in the several States and Territories are taken from 
the monthly reports of the respective sections of the Climate 
and Crop Service. The name of the section director is given 
after each summary. 

Snowfall and rainfall are expressed in inches. 


Alabama.—The mean temperature was 81.1°, or 0.6° above normal; 
the highest was 105°, at Decatur on the Sd, and the lowest, 50°, at 
Maple Grove on the 12th and 13th, and at Newburg on the I4th. The 
average precipitation was 4.78, or 0.38 below normal; the greatest 
monthly amount, 10.49, occurred at Newton, and the least, 0.56, at 
Clanton.—F. P. Chaffee. 

Arizona,—The mean temperature was 82.4°, or 2.4° above normal; 
the highest was 118°, at Texas Hill; the lowest was 38°, at Fort De- 
fiance on the 19th. The average precipitation was 1.62, or 0.42 above 
normal; the greatest monthly amount, 9.65, occurred at Benson, while 
none fell at Casa Grande.— W. 7. Blythe. 

Arkansas.—The mean temperature was 82.5°, or 2.3° above normal; 
the highest was 109°, at Keesees Ferry on the 50th and 3lst, and the 
lowest, 50°, at Keesees Ferry on the l4th, and at Silver Springs on the 
13th and l4th. The average precipitation was 3.25, or 0.66 below nor- 
mal; the greatest monthly amount, 8.19, occurred at Moore, and the 
least, 0.65, at Washington.—F. Hf. Clarke. 

California.—The mean temperature is obtained by dividing the State 
into equal areas, finding the mean of each square, and then dividing 
by the number of squares. The mean temperature was 74.5°, or 1.4 
above normal; the highest was 124°, at Salton on the 22d. At Volcano 
Springs a temperature of 123° occurred on the 9th, while 120° occurred 
at Palm Springs, 118° at Ogilby, and 115° at Indio and Mammoth Tank; 
the lowest was 21°, at Bodie on the 6th and 22d, and at Nevada Cit 
onthe 7th. The average precipitation was 0.01, or 0.04 below normal; 
the greatest monthly amount, 0.62, occurred at Descanso; at most 
places no rain fell.—W. H. Hammon, 

Colorado.—The mean temperature was 65.5°, or 1. 8° below normal; 
the highest was 109°, at Lamar on the 8th, and the lowest, 21°, at 
Walden, in North Park, on the 20th. Freezing temperatures occurred 
at a number of stations of moderate elevation on the 20th. The 


average precipitation was 2.05, or 0.15 below normal; the greatest 


monthly amount, 4.65, occurred at Minneapolis, and the least, 0.12, at 
Vilas. Snow fell at mountain stations on the 3d and 19th, the greatest 
amount reported being 10 inches at Ruby.—F. H. Brandenburg. 

Florida.—The mean temperature was 82.1°, or slightly above normal; 
the highest was 102°, at Macclenny on the Ist and 2d, and the lowest, 
60°, at Gainesville on the 15th. The average precipitation was 6.90, or 
1.67 above normal; the greatest monthly amount, 14.82, occurred at 
Meyers, and the least, 2.19, at Pensacola.—A. J. Mitchell. 

eorgia.—The mean temperature was 80.6°, or 0.2° below normal; the 

highest was 107°, at Leverett on the 3d, and the lowest, 46°, at Diamond 
on the Mth. The average precipitation was 5.74, or 0.58 above normal; 
the greatest monthly amount, 14.43, occurred at Gainesville, and the 
least, 1.15, at Cordele.—J. B. Marbury. 

Idaho.—The mean temperature was 64.0°; the highest was 108°, at 
Minidoka on the 25th, and the lowest, 27°, at Lake on the 17th and at 
Martin and Swan Valley on the 19th. The average precipitation was 





0.75; the greatest monthly amount, 2.43, occurred at Murray, and the 
least, trace, at Burnside and Martin.—D. P. MeCalium. 

Illinois.—The mean temperature was 77.0°, or 1.2° above normal; the 
highest was 106°, at Atwood on the 9th, and the lowest, 48°, at Scales 
Mound and Zion on the 13th. The average precipitation was 3.45, or 
0.44 above normal; the greatest monthly amount, 7.85, occurred at 
Coatsburg, and the least, 0.93, at Jordans Grove.—C. H. Linney. 

Indiana.—The mean temperature was 76.9°, or 2.1° above normal; 
the highest was 104°, at Kokomo on the 8th, and the lowest, 44°, at 
Hammond on the 13th. The average precipitation was 3.36, or 0.23 
above normal; the greatest monthly amount, 9.09, occurred at Evans- 
ville, and the least, 0.74, at Hammond.—C. F. R. Wappenhans. 

Jowa.—The mean temperature was 75.6°, or 1.6° above normal; the 
highest was 106°, at Malvern on the 23d, and the lowest, 42°, at Rock- 
well City on the 12th. The average precipitation was 3.26, or about 
1.00 below normal; the greatest monthly amount, 7.60, occurred at 
Stuart, and the least, 1.01, at Osceola.—G@. M. Chappel. 

Kansas.— The mean temperature was 80.2°, or 1.9° above normal; the 
highest was 111°, at Wallace on the 6th, and the lowest, 45°, at Good- 
land on the 19th. The average precipitation was 3.15, or 0.60 below 
normal; the greatest monthly amount, 7.13, occurred at McPherson, 
and the least, 0.05, at Pratt.—7. B. Jennings. 

Kentucky.—The mean temperature was 77.8°, or 1.5° above normal; 
the highest was 107°, at Pilot Oak on the 3st, and the lowest, 50°, at 
Eubank on the 14th. The average precipitation was 4.79, or 0.41 above 
normal; the greatest monthly amount, 9.05, occurred at Alpha, and the 
least, 0.82, at Ensor.—Frank Burke. 

Louisiana.—The mean temperature was 83.1°, or 1.4° above normal; 
the highest was 104°, at Liberty Hill on the 6th, 25th, 26th, and 27th, 
and at Montgomery on the 26th; the lowest was 56°, at Oak Ridge on 
the 14th. The average precipitation was 3.83, or 1.79 below normal; 
the greatest monthly amount, 8.09, occurred at Amite, and the least, 
0.44, at Robeline.— R. #. Kerkam., 

Maryland and Delaware.—The mean temperature was 75.6°, or 0.5° 
above normal; the highest was 102°, at Westernport on the 3d, and the 
lowest, 41°, at Deer Park on the 14th. The average precipitation was 
6.94, or 3.17 above normal; the greatest monthly amount, 19.90, occurred 
at Jewell, and the least, 2.78, at Cherryfields.—F. J. Walz. 

Michigan.—The mean temperature was 72.1°, or 2.8° above normal; 
the highest was 104°, at Clinton on the 9th, and the lowest, 22°, at 
Humboldt on the 14th. The average precipitation was 3.23, or 1.00 
above normal; the greatest monthly amount, 10.10, occurred at Bay 
City, and the least, 0.16, at Benton Harbor.-—C. F. Schneider. 

innesota.—The mean temperature was 71.5°, or 1.1° above normal; 
the highest was 102°, at Lawrence on the 18th, and the lowest, 38°, at 
Tower on the 28th. The average precipitation was 6.62, or 2.97 above 
normal; the greatest monthly amount, 12.81, occurred at Milaca and St. 
Cloud, and the least, 2.79, at Caledonia.— 7’. S. Outram. 

Mississippi.—The mean temperature was 82.8°, or 1.5° above normal; 
the highest was 109°, at Columbus on the 3d and 4th, and the lowest, 
52°, at Aberdeen on the I4th. The average precipitation was 4.42, or 
0.58 above normal; the greatest monthly es 9.78, occurred at 
Leakesville, and the least, 0.95, at Hernando.— R. J. Hyatt. 

Missouri.—The mean temperature was 78.8°, or 1.7° above normal; 
the highest was 106°, at New Madrid and Princeton on the 3lst, and 
the lowest, 48°, at Ironton and Potosi on the l4th. The average pre. 
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cipitation was 3.40, or 0.51 below normal; the greatest monthly amount, 
9.97, occurred at McCune Station, and the least, 0.60, at Emma.—A. £. 
Hackett. 

Montana.—The mean temperature was 64.0°, or 4.0° below normal; the 
highest was 103°, at Fort Keogh on the 27th, and the lowest, 32°, at 
Castle on the 9th and at Kipp on the 18th. The average precipitation 
was 1.64, or 0.17 below normal; the greatest monthly amount, 3.24, oc- 
curred at Great Falls, and the least, 0.19, at Fort Keogh.—R. M. Craw- 

ord, 
f Nebraska,—The mean temperature was 75.9°, or 0.6° above normal; 
the highest was 112°, at Franklin on the 23d, and the lowest, 34°, at 
Camp Clark on the 10th. The average precipitation was 2.57, or 0.92 
below normal; the greatest monthly amount, 7.44, occurred at Chester, 
and the least, 0.35, at Whitman.—G. A. Loveland. 

Nevada.—The mean temperature was 69.4°, or 3.0° below normal; the 
highest was 116°, at St. Thomas on the 11th, 12th, and 27th; the lowest 
was 25°, at Hamilton on the 2d. The average precipitation was 0.27, 
or 0.01 above normal; the greatest monthly amount, 1.41, occurred at 
Palmetto, while no rain fell at several stations.—R. F. Young. 

New England.—The mean temperature was 70.6°, or 1.1° above nor- 
mal; the highest was 102°, at Plymouth, N. H., on the 5th, and the 
lowest, 40°, at Bar Harbor, Me., on the 19th, at West Milan, N. H., onthe 
27th, and at Flagstaff, Me., onthe 28th. The history of the regular and 
voluntary observation service in New England furnishes no parallel 
to the precipitation record of this July. The extremes in the total 
falls of the month were 2.62 inches at Portland, Me., and 19.90 inches 
at Southington, Conn., a most remarkable variance considering the 
comparatively small area of this district.—J. W. Smith. 

New Jersey.—The mean temperature was 74.1°, or 0.5° below normal; 
the highest was 100°, at Boonton, Dover, and Riverdale on the 10th, 
and the lowest, 50°, at Charlotteburg on the 16th. The average pre- 
cipitation was 11.42, or 7.14 above normal; the greatest monthly 
amount, 20 80, occurred at Elizabeth, and the least, 6.11, at Camden.— 
E. W. McGann. 

New Merico.—The mean temperature was about 2.5° below normal; 
the highest was 104°, at Eddy on the I4th, and the lowest, 24°, at 
Winsors Ranch on the 20th. The greatest monthly precipitation, 5.60, 
occurred at Lower Penasco, and the least, 0.10, at Raton.—J/. B. Hersey. 

New York.—The mean temperature was 72.5°, or 2.5° above normal; 
the highest was 102°, at Avon on the 5th and 10th, and the lowest, 45°, 
at South Kortright on the 9th. The average precipitation was 6.69, 
or 3.02 above normal; the greatest monthly amount, 18.18, occurred 
at Setauket, and the least, 2.20, at Mount Morris.—R. M. Ilardinge. 

North Carolina.—The mean temperature was 77.2°, or 0.4° below nor- 
mal; the highest was 103°, at Saxon on the 3d, and the lowest, 45°, at 
Highlands and Linville on the 15th. The average precipitation was 
5.60, or normal; the greatest monthly amount, 11.11, occurred at Fay- 
etteville, and the least, 2.07, at Sloan.—C. F. von Herrmann, 

North Dakota.—The mean tem perature was 68.{/°, or 0.2° above normal; 
the highest was 109°, at Medora on the 28th, and the lowest, 38°, at 
Bordulae on the 4th. The average precipitation was 4.43, or 2.06 above 
normal; the greatest monthly amount, 8.04, occurred at Amenia, and 
the least, 0.35, at Glen Ullin.—B. JI. Bronson. 

Ohio.—The mean temperature was 75.5°, or 2.4° above normal; the 
highest was 113°, at Thurman on the 4th, and the lowest, 44°, at Lever- 
ing on the I4th and 15th. The average precipitation was 4.65, or 1.09 
above normal; the greatest monthly amount, 10.69, occurred at Ashta- 
bula, and the least, 0.82, at Hedges.—J/. W. Richardson. 

Oklahoma.—The mean temperature was 82.4°; the highest was 110°, 
at Kingfisher and Winnview on the l4th, and the lowest, 48°, at Bur- 
nett on the 13th. The average precipitation was 2.05; the greatest 
monthly amount, 5.12, occurred at Beaver, and the least, 0.48, at Wood- 
ward.—J. J. Widmeyer. 

Oregon.—The mean temperature was 63.7°, or 0.9° below normal; the 
highest was 107°, at Pendleton on the Ilth, and the lowest, 28°, at 
Silver Lake on the 17th. The average precipitation was 0.58, or 0.12 
above normal; the greatest monthly amount, 3.69, occurred at Bay City, 
while no rain fell at several stations.—B. S. Pague. 

Pennsylvania.—The mean temperature was 73.4°, or 2.4° above normal; 
the highest was 103°, at Aqueduct on the 6th, and at Derry Station on 
the 5th and 6th, and the lowest, 41°, at Lock Haven on the 29th. The 
average precipitation was 6.26, or 2.11 above normal; the greatest 
monthly amounts were 14.51 at Saegerstown, 15.10 at Swiftwater, 12.42 


at Forks of Neshaminy, 11.45 at Shawmont, 10.94 at Elwood Junce- 
tion, and 10.25 at Philadelphia, Centennial Avenue; the least, 2.10, oc- 
curred at Cannonsburg.—7’. F. Townsend. 

South Carolina.—The mean temperature was 80.2°, or 0.4° above 
normal; the highest was 107°, at Batesburg on the 3d, and the lowest, 
54° at Walhalla on the 15th. The average precipitation was 5.91, or 
0.11 below normal; the greatest monthly amount, 9.81, occurred at St. 
Stephens, and the least, 2.99, at Spartansburg.—J. W. Bauer. 

South Dakota.—The mean temperature was 72.8°, or about normal; 
the highest was 107°, at Ashcroft on the 28th, and the lowest, 35° at 
Ashcroft onthe 20th. The average precipitation was 3.26, or 0.65 above 
normal; the greatest monthly amount, 7.27, occurred at Castlewood, 
and the least, 0.46, at Spearfish.—S. W. Glenn. 

Tennessee.—The mean temperature was 77.7°, or 1.0° above normal; 
the highest was 105°, at Savannah on the 2d and at St. Joseph on the 
2d and 3d, and the lowest, 46° at Erasmus on the I4th. The average 
precipitation was 5.09, or 0.46 above normal; the greatest monthly 
amount, 13.21, occurred at Oak Hill, and the least, 0.40, at Browns- 
ville.—H. 0. Bate. 

Texas.—The mean temperature for the State was 1.6° above the 
normal. There was a general excess throughout the State except over 
the Panhandle and the mountainous portions of west Texas, where it 
ranged from the normal to 2.3° below. The greatest deficiency was at 
El Paso. The excess ranged from 0.2° to3.5° over east and central Texas 
and the coast district, and from 1.2° to 3.9° over north and southwest 
Texas. The highest was 112°, at Waxahachie on the 26th, and the 
lowest, 48° at Mount Blanco on the 18th. The average precipitation 
for the State was 1.00 below the normal. There was a general defi- 
ciency throughout the State, except in the vicinity of Brenham and 
over north Texas, the Panhandle, the northern portion of central Texas, 
and the western portion of west Texas, where there was an excess 
ranging from 0.01 to 4.75, with the greatest in the vicinity of Gaines- 
ville. The deficiency ranged from 0.25 to 3.11 over east Texas, the 
southern portion of central Texas, and the eastern portion of west 
Texas, and from 0.54 to 5.21 over southwest Texas and the coast dis- 
trict, with the greatest deficit in the vicinity of Brazoria. Drought 
prevailed during the greater portion of the month. The rainfall was 
very poorly distributed over the State, there being comparatively no 
precipitation in many places, while there were good local showers at 
several places in north Texas. The greatest monthly amount, 7.32, 
occurred at Gainesville, while none fell at some stations.—J/. M. Cline. 

Utah.—The mean temperature was 68.7°; the highest was 110°, at 
St. George on the llth, and at Mount Pleasant on the 12th, and the 
lowest, 23°, at Soldier Summit on the 18th. The average precipitation 
was 0.55; the greatest monthly amount, 1.70, occurred at Pahreah, and 
the least, 0.02, at Soldier Summit.—J. 1/7. Smith. 

Virgintia.—The mean temperature was 76.4°, or 0.1° above normal; 
the highest was 100°, at Bon Air on the 3d, and at Woodstock on the 
7th, and the lowest, 46°, at Big Stone Gap on the l4th. The average 
precipitation was 4.46, or 0.85 above normal; the greatest monthly 
amount, 7.70, occurred at Stanardsville, and the least, 1.70, at Bedford 
City.—Z. A. Evans, 

Washington.—The mean temperature was 62.4°, or 2.2° below normal; 
the highest was 107°, at Kennewick on the llth, and the lowest, 32°, 
Cascade Tunnel on the 25th. The average precipitation was 1.39, or 
0.72 above normal; the greatest monthly amount, 4.00, occurred at 
Snohomish, and the least, trace, at Fort Simcoe.—G,. N. Salisbury. 

West Virginta.—The mean temperature was 74.2°, or 3.0° above nor- 
mal; the highest was 102°, at Point Pleasant on the 4th, and the 
lowest, 46°, at White Sulphur Springs on the 14th. The average pre- 
cipitation was 5.43, or more than 1.00 above normal; the greatest 
monthly amount, 9.92, occurred at Beverly, and the least, 2.85, at 
Martinsburg.—H. L. Bali. 

Wisconsin.—The mean temperature was 72.5°, or 2.0° below normal; 
the highest was 102°, at Prairie du Chien on the 8th, and the lowest, 
41°, at Medford on the 138th. The average precipitation was 3.83, or 
0.74 above normal; the greatest monthly amount, 15.11, occurred at 
Butternut, and the least, 1.20, at City Point.— W. M. Wilson. 

Wyoming.—The mean temperature was 65.6°, or 2.0° below normal; 
the highest was 105°, at Lusk and Wamsutter on the 28th, and the 
lowest, 28°, at Atlantic City on the 3d. The average precipitation was 
1.22, or 0.04 above normal; the greatest monthly amount, 3.77, occurred 
at Cheyenne, and the least, 0.03, at Wamsutter.—M. F. Renoe. 
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RIVER AND FLOOD SERVICE. 


By Park Morritt, Forecast Official, in charge of River and Flood Service. 


The highest and lowest water, mean stage, and monthly 
range at 114 river stations are given in the accompanying 
table. Hydrographs for typical points on seven principal 
rivers are shown on Chart V. The stations selected for 


charting are: Keokuk, St. Louis, Cairo, Memphis, and Vicks- | 


burg, on the Mississippi; Cincinnati, on the Ohio; Nashville, 


on the Cumberland; Johnsonville, on the Tennessee; Kansas 
City, on the Missouri; Little Rock, on the Arkansas; and 
Shreveport, on the Red. 


The following résumé of river stages and conditions of navi- 
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gation in the respective streams is compiled from reports by 
the officials of the Weather Bureau at various river stations 
and section centers: 


Hudson River, (Reported by A. F. Sims, Albany, N. Y.)—During the 
first decade of July normal conditions obtained in the Hudson River 
and its tributaries. Heavy rains in the second decade sent all the 
rivers and creeks in this section beyond their natural confines. A 
heavy current was running in the Hudson River and boatmen expe- 
rienced much difficulty in making their landings and in handling their 
craft. The passenger steamers and the towing lines when they tied 
up their boats on the night of the 14th put out extra hawsers to pre- 
vent them from being carried down stream. At7:40a. m. of the 15th the 
river was within 7 inches of the top of the dock at Albany; the highest 
point reached was 8.6 feet above mean low water. The river receded 
slowly during the 16th, and was about normal by 8 a. m. of the 18th. 
During the third decade of July the stage of the river remained slightly 
above the normal. 

Susquehanna River and branches. (Reported by E. R. Demain, Harris- 
burg, Pa.)}—The average rainfall within the drainage area of the river 
and its tributaries during the past month, as deduced from reports 
from sixteen river stations, was only 80 per cent of the average amount 
for July, 1896, and, as might be expected from such a deficiency, lower 
stages ruled in all the streams than during the corresponding period 
last year. The general rain which fell in Pennsylvania on the 27th 
and 28th was followed by the only freshet during the month, and 
caused rises in the various rivers and creeks, ranging from a fraction 
of a foot to 6 feet. The lowest waters occurred on the west branch; 
at Sinnemahoning and Cedar Run the water was below the zero of the 
gauge during the entire month, and at Cameron it was at zero during 
the greater part of the month. At Wilkesbarre, on the north branch, 
the gauge registered 1 foot below zero until the 28th, when it rose to 
zero, and on the Sist had risen to 5.0 feet above. At Harrisburg the 
river rose 2.7 feet from the 27th to 30th, the highest point touched 
being 4.5 feet on the 50th. 

Rivers of South Atlantic States. (Reported by E. A. Evans, Richmond, 
Va.; ©. F. von Herrmann, Raleigh, N.C.; L. N. Jesunofsky, Charleston, 
S$. C.; D. Fisher, Augusta, Ga.; and J. B. rap ag! Atlanta, Ga.)— 
There were no changes of importance occurring in the James River at 
any time during the month. A uniform low stage of water was main- 
tained, the range between the highest and lowest readings being only 
0.9 foot. Rains were frequent over the watershed during the second 
decade of the month, but they were light and caused no rise worthy of 
mention. The water was clear from the Ist to 10th, and cloudy the 
remainder of the month. 

Low river stages continued in all the rivers of North Carolina during 
the first half of July, notwithstanding the fact that the number of rainy 
days was large and the rainfall considerable. The rainfall was smallest 
over the basin of the Roanoke and tributaries, and only one 5-foot rise 
occurred in that stream (3d to 4th) to a stage of less than 10 feet on the 
gauge at Weldon. Overthe Cape Fear Basin heavy rains caused a minor 
rise on the Mth, and a 20-foot rise in two days (20th to 22d) in the Cape 
Fear River at Fayetteville. Steamboat navigation on the lower courses 
of the streams was resumed the latter portion of the month; on the 
Cape Fear navigation has not been interrupted, steamers continuing to 
ply between Wilmington and Fayetteville the entire month. 

Low but navigable water was maintained on all streams in South 
Carolina, except at Cheraw from the Ist to the 10th, The heavy rain 
between the Sth and 2Ist produced steady rises in the Waccamaw, 
Edisto, Lynch, Lumber, Black, the lower Pedee, and Santee rivers be- 
tween the llth and Sist. Navigation was interrupted at Cheraw from 
the Ist tothe Sth and on the 30th and Sist. Excessive precipitation on 
the headwaters of the Wateree and Pedee in North Carolina during the 
19th and 20th caused moderate freshets at Camden on the 21st and 22d 
and at Cheraw on the 22d and 25d. 

The Savannah River remained at a moderately low stage, yet high 
enough for navigation, until the 20th, when, from the effects of hard 
showers in the upper basin, a rise of a little over 7 feet occurred at Au- 
gusta. The river, though shallow for the entire month, was less clear 
than is usual for low summer stages, a fact which river men are 
unable to explain. Navigation was continued during the month with- 
out interruption and the river boats were favored with fairly good car- 
goes. There were no decided changes in the other Georgia rivers, and 
they have averaged low during the entire month. The rains which 
have occurred have caused but slight and temporary rises. 

Mobile River and bra .ches. (Reported by F. P. Chaffee, Montgomery» 
Ala., and W.M. Dudley, Mobile, Ala.)—The water in the Alabama 
River and its tributaries continued low during the first decade, after 
which well-distributed rains over the watershed gave navigable stages. 
River tratlic was resumed above Selma after the 12th, but all the 
streams were steadily falling again toward the close of the month. 

The Tombigbee and branches were low at the opening of the month, 
being below the gauge zero at all stations, and continued falling until 
the 7th. There were heavy rains on the headwaters of the river 
during the early and middle parts of the month, which caused short 


rises. The greatest rise occurred on the 19th, when, at Tuscaloosa, the 








Tombigbee rose 9 feet in twenty-four hours. The rise continued to the 
2Ist, when the river was over 15 feet above the zero of the gauge. The 
rise made the river navigable for coal barges which left Mobile and 
reached Tuscaloosa in safety. All rivers fell from the 22d to the end 
of the month, at which time navigation was somewhat threatened. 


Ohio River and branches, (Reported by F. Ridgway, Pittsburg, Pa.; 
H. L. Ball, Parkersburg, W. Va.; S. 8S. Bassler, Cincinnati, Ohio; F. 
Burke, Louisville, Ky.; P. H. Smyth, Cairo, Ill; L. M. Pindell, Chatta- 
nooga, Tenn.; and th C. Bate, Nashville, Tenn.)—During the first 
three weeks of the month the upper Ohio continued at such a low 
stage that navigation was practically suspended. Rainfalls from the 
17th to the 2lst, however, caused an important rise which opened the 
river for packet navigation at Pittsburg during the remainder of the 
month. The wickets at Davis Island Dam were lowered on the 
20th, and during the next four days 2,205,000 bushels of coal passed 
through the lock at that point bound for southern ports. During the 
last few days of the month the river fell steadily, and the month 
closed with barely sufficient water for packet navigation. 

The rainfall over West Virginia was light during the first half of 
July and after the 3d all the rivers showed falling stages. Moderately 
heavy rains along the Great and Little Kenowhes on the Ist and 2d 
caused a slight rise, but this passed quickly. From the Ilth to the 
close of the month rains were frequent and moderately heavy. The 
rivers rose slowly and most of them held good stages for navigation. 
At Parkersburg the largest packets were tied up for three weeks, but 
were released about the 20th and resumed business. 

At Cincinnati river business was fairly active throughout the month. 
A small rise from the 3d to the 6th helped navigation materially during 
the period of low water. There was a good boating stage of water at 
Louisville during the entire month. The average depth was 6.4 feet, 
somewhat greater than the average for July. 

At Cairo a good stage of water was maintained throughout the month. 
Combined rises out of the Cumberland, Tennessee, Ohio, and Missis- 
sippi gave Cairo a moderate rise, starting in on the 26th and continuing 
to the end of the month. River business during the month has been 
generally quiet, but this is not unusual at this season of the year. 

For the sixth time since 1879 the Tennessee River has been navigable 
during the entire month of July. Heavy rains over the headwaters 
from the 2d to the 25th produced one of the best boating and logging 
tides for the month ever known. Reports on the 27th stated that the 
river had risen 16 feet at Charleston and was still rising; that the bot- 
tom lands were covered and the Hammond bottom, just across the 
river from Charleston, was covered up to the top of the tall corn. On 
July 28 reports from Clinton stated that the Clinch River was out of its 
banks, and that the Emory, French Broad, and Holston were at high 
water. The lumbermen of Chattanooga received news from the head- 
waters on the 27th that the Upper Clinch and Tennessee rivers had 
risen and a big log fleet had started down. 

The month was unusually wet in the Cumberland Basin, and the 
river was held at a favorable stage for navigation in its upper divisions 
during the last half of the month, and in its lower divisions the entire 
month, and the month closed with the river open from Celina to its 
mouth, 

Mississippi River and minor branches. (Reported by P. F. Lyons, St. 
Paul, Minn.; M. J. Wright, Jr., La Crosse, Wis.; G. FE. Hunt, Daven- 
vort, Iowa; F. Z. Gosewisch, Keokuk, Iowa; H. C. Frankenfield, St. 
poe Th Mo.; P. H. Smyth, Cairo, Ill; 8. C. Emery, Memphis, Tenn.; 
R. J. Hyatt, Vicksburg, Miss.; R. E. Kerkam, New Orleans, La.; and 
©. Davis, Shreveport, La.}—The month of July, 1897, was an eventful 
one inasmuch as there was not only a sutliciency of water in the Mis- 
sissippi River to meet all the wants of navigation, but at the beginning 
of the second decade the water came within a few tenths of a foot of 
the danger line, or 14 feet on the gauge, at St. Paul; there was a daily 
average reading of 10.3 feet; the largest previous July average, deter- 
mined from the last twenty-five years’ record, was 7.6 feet, in 1874. 
The heavy and excessive rains over northern Minnesota during the 
early part of the month caused a continuous rise in the river ranging 
from 0.1 foot to 2.1 feet a day from the Ist to the llth, when the maxi- 
mum of 15.6 feet was registered; afterwards there was a gradual and 
almost steady fall to the end of the month, when the reading was 0.0 
feet. Reports indicate that the Mississippi near its source was higher 
at the opening of this month than it was at any time last spring, and 
some loss to both crops and houses was reported from Aitkin County in 
consequence of overtlow. 

The average stage of water in the Mississippi River at La Crosse was 
higher than during any former year since the beginning of observa- 
tions, and has materially interrupted the work of the Government 
engineers in this district. The gauge readings ranged from 7.3 to 10.5 
feet. The water has been at an excellent stage for navigation. On 
several occasions the water has reached a maximum stage in July 
greater than was attained during the present month, but high water 
did not continue during the entire month as it did this year. 

An excellent stage for navigation was maintained at Davenport dur- 
ing the entire month. The close of the month found the river some- 
what higher than at the beginning. The rainfall was above normal 
from the head of the river to Reeds Landing. At La Crosse less than 
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half the normal Oo mag eorage occurred. At North McGregor and Du- 
buque it was slightly above, while from Le Claire to Muscatine it was 
somewhat below the normal. The river at Keokuk has continued at 
an unusually high stage for the month of July, with small range. The 
stage has been ample for navigation of the Des Moines Rapids for the 
largest steamboats and heaviest lumber or log rafts. 

Exceptionally good boating stages were maintained throughout the 
month at St. Louis, but at the same time the tendency was down- 
ward, and at the end of the month there was from 6 to 8 feet less 
water than at the beginning. The lower cross levee at the head of 
the Indian Grave levee district broke on the 25th a short distance 
above Quincy, Ill. The break was occasioned by the overflow waters 
of Bear Creek after the heavy rains of the 24th and 25th. The break 
was about 1,000 feet in length, and the bottoms were flooded for a dis- 
tance of 6 miles, causing considerable damage to the fields of ripening 
corn and other crops. From St. Louis to Cairo the river was falling 
during most of the month, but occasional rises kept the water at a good 
stage. 

During the first four days of the month the river rose below Cairo 
from six to eight tenths of a foot daily, reaching the maximum stage 
of 18.3 feet, at Memphis, on the 4th. From that time the water fell 
steadily, reaching the minimum, 11.5 feet, on the 24th. During the 
last three days of the month the river rose 2.5 feet, bringing the read- 
ing up to 14 feet, which is considered a good stage for the end of July, 
and is 11 feet higher than was recorded on the same date in 1896. The 
month, as a whole, was exceptionally favorable for river navigation on 
the Mississippi and all navigable tributaries in this section, the water 
being generally higher than the average for July. 

The rivers between Memphis and Vicksburg showed slight fluctua- 
tions during the month. Fair boatable water was maintained during 
the greater portion of the month and river tratlie was good. The stage 
of water at Vicksburg was sufficient for small boats to land at the city 
front a portion of the month. Crops in the section recently overflowed 
have made remarkable growth and progress and with a late frost a 
good crop of cotton will be made on those lands. A moderately low 
stage of water continued in the Mississippi below Vicksburg during 
the entire month, the first ten days showing a rise of about 6 feet at 
Vicksburg, decreasing to less than a foot at New Orleans. After this 
there was a general decline to the close of the month. 

During the first half of July, little or no precipitation fell in the 
watershed of the Red River, and decreasing stages were general. On 
several days during the latter half of the month liberal rains occurred 
and sharp rises characterized the stream, especially the upper portion. 
At Shreveport the stages were suflicient for navigation, the month open- 
ing with 9.5 feet on the gauge and closing with 6.0 feet. 

Missouri River and branches. (Reported by L. A. Welsh, Omaha, Nebr., 
and P. Connor, Kansas City, Mo.)—There has been nothing unusual 
or noteworthy in the condition of the Missouri River during the month. 
The stage of water was somewhat variable during the earlier part of 
the month, but after that period the stage decreased slowly and 
steadily. The entire range of river stage during the month was only 
about 2.5 feet. The east bank of the Missouri River, directly opposite 
Plattsmouth, Nebr., is reported as cutting badly. 

Arkansas River, (Reported by J. J. O’ Donnell, Fort Smith, Ark., and 
F. H. Clarke, Little Rock, Ark.)—The upper Arkansas River continued 
low and was falling steadily to the 10th. Onthe morning of the 11th 
it had risen 2.0 feet to a stage of -5.0 feet, afterward falling slowly but 
steadily until the close of the month. Except between the 11th and 
14th the river was below a navigable stage. 

The lower Arkansas River maintained a uniform condition during 


the month. The average stage from Fort Smith to Little Rock was) 


about 3.0 feet lower than forthe corresponding month last year. Navi- 
gation was pursued uninterruptedly from Little Rock to the mouth, but 
the river was too low above Dardanelle to make navigation profitable 
on many days. 











Heights of rivers above zeros of gauges, July, 1897. 
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Stations. s z 2 wf | | | F : 3 

ZF S Height. Date. |Height., Date. | & 
a ace ae | a |* 
j | | | 
Mississippi River. Miles | Feet.| Feet. | | Feet. | Feet.| Feet. 
St. Paul, Minn. .......... 1,957} 14] 13.6 11 6.5 1/103] 7.1 
Reeds Landing, Minn....| 1,887 | 12) 92) 1214) 5.4] 1/72] 38 
La Crosse, Wis.........../ 1,88) 10) 105) 17,18| 7.3) 2); 8&7) 32 
North McGregor, lowa..| 1,762 18 | 10.6 21g) 8.4 | Ww) 92} 22 
Dubuque, lowa.......... 702) | 10.2) war) 8B 5-7| 9.1] 1.9 
Leclaire, lowa........ ..| 1,612 10 6.4 | 24-28 5.3 7-10 | 5.7 1.1 
Davenport, lowa ........ 1,596 | 15 | 7.9 | 27,28 | 6.6) 8-10,17 | 71 1.3 
Keokuk, lowa ........... 1,466 14; 7.8] 26 6.0 | 13) 6.8 1.8 
Hannibal, Mo...... ..... 1,405) 17) 9.8 %| 7:2) 19:45) 80} 26 
Grafton, Ill ...... 666.000. 1,307) 23) 13.2 27,28 Sed | 23/104) 4.7 
St. Louis, Mo. t........... 1,264) 30) 2.7 4) 12.8) 2317.6) 9.9 
CONG, BE, ccccccccccccee 1,189 30| 16.8) 5 9.4) 2112.8) 7.4 
Se ncsnnsecisenss 1073; 40) 24.9 | 2 16.8/ 20,21/2906) 81 
Memphis, Tenn .......... M3) 33| 18.3) 4,5} 11.3] 4 /14.7) 7.0 
Helena, Ark ............. 767 | 44) 24.8 | 68) 16.5) 24-29) 20.6) 8.3 
Arkansas City, Ark...... |} 638) 42] 24.8] 9,10 | 16.5 27-30 | 2.9) 8.3 
Greenville, Miss.........| 59 | 40/ 90.3| 9'10/ 134] 9930/3711] 69 
Rey——2 


















Heights of rivers above zeros of gauges—Continued. 
8s | 85 |g 
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5 é ° =e Date. aint Date = 
| | | 
Mississippi River—Cont’d Miles. Feet. Feet. | Feet. | Feet 
Vicksburg, Miss ......... 474 41 24.0 12 15.2 | 31 | 20.3 
New Orleans, La ........ 108 16 7.1 10,11 | 4.5 | 29-31 6.2 
Arkansas River. 
Fort Smith, Ark. ........ PY a a ©) | 2.9) 3! 3.6 
Dardanelle, Ark..... panne 250 21 3.4 13 1.6 10; 2.2 
Little Rock, Ark......... 170 23 5.8 24 | 4.0 11,12} 4.8 
White River. | 
Newport, Ark ....... +++ 150 21 3.2 3 | 1.8 18-20 2.4 
Illinois River. 
Peoria, Ill............ osee 135 14 9.1 1 | 4.9 30,31 | 6.5 
Missouri River. A: 
Bismarck, N. Dak. ...... 1,201 14 7-3 1,4 | 5.2 30,31 | 6.1 
Pierre, S. Dak. . ....-.- 1, 006 14 7.4 2,3 4.8 | 30,31 6.1 
Sioux City, lowa........ 676 19 11.5 7 8.4 | 31 | 10.1 
Omaha, Nebr. .........+++ 561 18 11.6 1 9.2 31 | 10.2 
St. Joseph, Mo........... 373, «10 7.7 1 | 4.4 31 5.9 
Kansas City, Mo... ..... 280 2 18.0 2 9.8 | 28 | 13.7 
Boonville, Mo.........+++ 191 20 16.5 8 | 9.2 | 31 | 12.3 
Hermann, MO. «......++«.+- 95 21 13.5 3 | 4.9 | 30, 31 8.5 
Ohio River. } | 
Pittsburg, Pa...........- 966 2 8.1 24 | 4.3 6! 5.9 
Davis Island Dam, Pa... 960 25 0.4 24/ 2.6] 23) 4.9 
Wheeling, W. Va. .... .-. ris) 36 13.8 24 | 2.8 | 845 |) 5.9 
Parkersburg, W. Va-.... 785 35 13.5 25,27) 5.0} 11/ 8.2 
Point Pleasant, W. Va... 703 36 17.5 26) 3.8] 13] 8.7 
Catlettsburg, Ky ....---- 651 nO 23.2 26 5.2 | 1/1104 
Portsmouth, Ohio ....... 612 50 23.0 6,27) 7.0} 1! 12.4 
Cincinnati, Ohio......... 499 45 24.8 28 9.1 | 8 13.9 
Louisville, Ky. ....--.++-- 367 | M4 9.3 28,29) 4.9) 4 6.4 
Evansville, Ind ........- 184 17.4 31 | 6.5 | 71 9.4 
Paducah, Ky.....-...++ 7| | 14.7 31 | 6.3) 19,20! 93 
Alleghany River. 
Warren, Pa... .«..- secede 177 7 1.1 7B | 0.0 | 1-6] 0.5 
Oil City, Pa ....-.eeeceeee 12 13 2.7 20, 25 0.4) 7 1.5 
Parkers Landing, Pa.... 73 20 4.5 2: 0.6 | 8) 20 
Freeport, Pa.....-.+-+++- 26 20 8.0 23/ 1.2 | 8 3.6 
Conemaugh River. | 
Johnstown, Pa, «...-++-- 64 7 2.8 22, 28 0.8 | 5! 1.6 
Red Bank Creek. 

Brookville, Pa.........-- 85 s 2.2 21|— 0.9 1-11} 0.2 
Beaver River. 
Ellwood Junction, Pa... 10 14 5.8 23 | — 0.2] 4,5 | 1.4 

Cumberland River. 
Burnside, Ky -..-----+-- 434 50 8.7 17 1.3 5! 3.9 
Carthage, Tenn......---- 2Q57 30 12.6 26 2.1 3] 5.6 
Nashville, Tenn .....-.-- 175 40 15.6 27 3.4 | 4,7 | 7.6 
Great Kanawha River. | 
Charleston, W. Va.....-- 61 30 13.4 3 4.8) 11| 6.3 
New River. 

Hinton, W. Va...----+++- ay 14 4.0 24 1.5 18 | 23 
Licking River. 
Falmouth, Ky. ..-+--++++ 80 25 5.0 vg 1.5 17| 2.4 

Miami River. 
Dayton, Ohio ... ---++++- 6918 5.0 | 22 1.2 14,16 | 1.9 
Monongahela River. 
Fairmont, W. Va...-+--- 119 25 6.1 | 23 0.4 1,2) 20 
Greensboro, Pa......- -- 81 18 10.3 23 2 1,2] 8.3 
Lock No. 4, Pa.....++ «+: 40 28 12.0 24 6.4 1,2) 8.6 
Cheat River. 
Rowlesburg, W.Va-...- 86 14 5.0 27 2.0 1,2,12 |} 3.2 
Youghiogheny River. " 
Confluence, Pa.....-.- «- 59 10 2.4 23 0.4 6,7 1.0 
West Newton, Pa.......- | @B 1.5 21 0.0 15-18 | 0.4 
Muskingum River. 
Zanesville, Oh'o ....----- 70 20 9.2 24 5 6,10 | 6.8 
Tennessee River. | 
Knoxville, Tenn.....---- 614: @ 3.0 12, 13 2.2); 6,110,299; 2.5 
| Kingston, Tenn .....-- 534, 2 7.2 26 1.3 15,16 | 2.6 
Chattanooga, Tenn...... 430 33 13.8 27 3.4 4,5) 5.5 
Bridgeport, Ala ......-. 390 24 9.9 % L7 5| 37 
Florence, Ala.........--- 220 16 7.7 20 1.7 7/| 3.8 
Johnsonville, Tenn...... 4 21 9.5 81 3.3 9-12 4.8 
Clinch River. 
Speers Ferry, Va......... 156) 7.4 22 0.2| 5,619) 1.2 
Clinton, Tenn ......-++++- 46 25 12.5 23 3.6 4) 5.6 
Wabash River. 
Mount Carmel, Ill ..... ‘ 50 15 4.3 | 1 2.8 22.95 3.2 
Red River. | | 
Arthur City, Tex......--- 688 ad 13.4 23 3.6 8/| 7.0 
Fulton, Ark .....-+-++++: 565 oR 11.4 27 3.9 20-22 | 5.9 
Shreveport, La.......--+- 449; @ 9.3 1 2.7 25-27 | 4.9 
wo se. ences eves 139 33 9.8 1 0.5 $1) 3. 
Ate aya Bayou. Re 
Melville, La.....- a 1000s 3 22.5 1 14.8 31 20.1 
Ouachita River. 
Camden, Ark.....-.+++-- 340 39 5.8 23 3.2 15-18 | 3.9 
Monroe, La .......+-- 005 100 40 7.5 1 1.3 17,18 | 2.4 
Yazoo River. 
Yazoo City, Miss....-...- 80 25 2.5 25,26 | — 0.1 7! 0.9 
Chattahoochee River. 
Columbus, Ga........ +++. 140 20 11.0 90 0.6 19 3.2 
Flint River. 

Albany, Ga.......-+seeees 80 20| 57 9 1.0 4,5 | 3.1 
Cape Fear River. 
Fayetteville, N.C........ 100 38 25.3 2 1.9 6) 6.5 
Columbia River. 
Umatilla, Oreg .......... 270 16 16.9 5,6 10.6 31 | 14.3 
The Dalles, Oreg......... 166 40, WS 6 16.7 31 2.2 

Willamette River. 

Albany, Oreg ............ 9 #8 ® 3.4 1.3 31} 2.2 
Portland, Oreg .......... 0 86 14.9 1,7 8.4 31 12.4 
Edisto River. | | . 
Edisto, S.C ......seeeeee 7%! 6 5.1 29 1.7 9,10! 3.0 
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Heights of rivers above zeros of gauges—Continued. Heights of rivers above zeros of gauges—Continued. 
ss i¢.| S | iss |e. | | ; 
es | > eo) e< | 2 a 
2c =e | Highest water. Lowest water. | = ae | 2. | =& | Highest water. | Lowest water. 7 | ,o 
ete & 7 ~ &© eel & j | & 
Stations. $25 && 7 ed Se ae 5 es Stations. | s28 && | ———— | Fi aa 
SES) 38 eight. e | & . \ZEE| as | i} se |o* 
4° - ight. Date. Height. Dat Ss rE | ae a. Date. mee Date. | sis 
James River. | Miles. Feet.| Feet. | Feet. | Feet.| Feet. Sacramento River. | Mites.| Feet. Feet. Feet. | | Feet.| Feet. 
Lynchburg, Va. «.......-., 37 | 18 1.9 3) 01 17-19} 0.6| 1.8) Red Bluff, Cal .......... | 241) 2 1.0 | 1-5 0.1} -31/ 0.5| 0.9 
Richmond, Va........++. 10 0S 2 0.7 24 — 0.2 2,9,10,12| 0.2) 0.9) Sacramento, Cal... ..... 70; § 13.8 | 1} 10.0) 31/ 11.6) 3.8 
Alabama River. Santee River. 
Montgomery, Ala........ | 265) 35 8.4 4 0.5 2| 28) 7.9) St. Stephens, 8. C........ | 12 7.3 8-31 2.6 7| 5&3] 47 
Pea Mi Dcdancccccccesys | 22) %| 98 | 0.5 3} 33| 93 | | 
Coosa River. Congaree River. { 1-13) 
Gadsden, Ala ............ 144, 18| 10.1 2 0.0 i} 2.6! 10.1| Columbia, 8. C........... | s7| 3.5 | 21,22 1.5/9 15-195) 1.7) 2.0 
Tombighee River. | ¢ 24-314 
Columbus, Miss.......... 25 | 33/—0.2 17 | — 3.0 31/23) 28 Wateree River. | | | | | || 
Demopolis, Ala.......... 15535 8.2 23 | — 1.5 2-6/ 1.2| 9.7/| Camden, S.C ............ | @] 2] 22.5] 2} 4.0) 248) 7.4] 18.5 
Black Warrior River. Savannah River 
Tuscaloosa, Ala.......... 90 38 14.5 21) — 0.2) 24/ 3.4/ 14.7) Augusta, Ga............. | 130 82 16.6 | 20 5.7 17| 8.5| 10.9 
Pedee River. | | Susquehanna River. | | 
Cheraw, 8. C........0.006! 145 | @ 20.4 23 2.0 | 31 | 5.4) 18.4) Wilkesbarre, Pa......... 178; 14/~ 5.0} 31 | — 1.0 1-27 |-0.5| 6.0 
Black River. | | Harrisburg, Pa........... 70 7 | 4.5 | 30 1.0 | 13,15,16 | 1.6) 3.5 
Kingstree,8.C..........., 60) 12| 37| 90,31/ 2.8/) 1-43] 25] a4 Juniala River. | 
Lumber River. | | Huntingdon, Pa ......... 80 24 4.0 | 19, 28,20 2.8 0-18 3.1 1.2 
Fair Bluff, N.C.......... 10 6 5.1 31 | — 0.4 9} 1.7} 5| W. Br. of Susquehanna. 
Lynch Creek. | Williamsport, Pa ........ | 3| @| 48 | OF 6-9) 1.5) 4.1 
Effingham,S.C..........) 35) 12] 12.1 2} 2.5 7,8/ 5.2) 9.6 Waccamaw River. | 
Potomac River. | | Conway, 8. C ........60.. | «|! 7] 22 7,30! 0.6 % 16! 1.6 
Harpers Ferry, W.Va...| 170) 16| 20 3) O41 19| 1.1 9 | | | | 
Roanoke River. | penn ora grt gge : eden: —_ 
Clarksville, Va .......... ere err Sek dn weteeih Sthundinuncdes * Distance to the Gulf of Mexico. t Record for 28 days 
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und Meteorologie. Jahrgang XXXIII. Begriindet von H. 
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Hawaiian Republic.—Hawaiian Weather Bureau. Weather record 
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Japan.—Results of the hourly meteorological observations for the 
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Annual Report of the Central Meteorological Observatory of Japan 
for the year 1893. Part II. Memoirs. Tokio, 1896. 4to. 274 
pp. 119 plates. 

Norway.—Jahrbuch des Norwegischen Meteorologischen Instituts 
fiir 1896. Dr. H. Mohn, Director. Christiania, 1897. 4to. Vol. 
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California.—Fifth biennial report of the State Board of Horticul- 
ture of the State of California, for 1895-96. Sacramento, 1896. 
8vo. 161 pp. 

District of Columbia.—Bulletin of the United States Fish Com- 

| mission. Vol. XVI for 1896. Washington, 1897. 4to. 427 pp. 
U. 8. Department of Agriculture. Report of the Division of Statis- 
tics, Nos. 134 to 144. 1896. Washington, D. C., 1897. 8vo. 
135 pp. 
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Washington, 1897. 8vo. 686 pp. 

New York.—Thurston, Robert H. Materials of engineering. Part 
I, Non-Metallic materials, 364 pp. Part II, Iron and steel, 680 
pp. Part III, Alloys, brass, and bronzes, 575 pp. New York, 
1893. 8vo. 
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THE OBSERVATION OF HALO PHENOMENA.' 


(Translated from a separate print from the annual volume of the Natural History 
Association of Wurtemberg. Communicated by Rev. K.Scuirps; dated Feb., 1897.) 


The light from the sun, moon, and brighter stars, by means 
of refraction through or reflection on ice crystals—when the 
latter occur in great numbers, in definite positions, over a 
considerable region—manifests itself in figures of manifold 
forms, known as halo phenomena. These are very seldom 
observed in crystals of ice that lie upon the surface of the 
earth; more frequently, but still rarely, in those crystals that 
float in the atmosphere in the immediate neighborhood of the 
observer so that, for instance, they rarely develop between 
the observer and any distant object. As a rule, and, indeed, 
by no means so rarely as is ordinarily thought, halos occur 
in the clouds or haze of ice crystals at different altitudes in 
the atmosphere, but above the observer’s head. The most 
frequent form of halo is a circle around the star whose light 
produces it, having a radius of about 23°; that is to say, the 
line from the eye to the star makes an angle of about 22° to 
23° with the line from the eye to the circle. The circle shows 
the colors of the rainbow, beginning with red on the inside of 
the circle (in contrast to the rainbow, where the red is on the 


'The Chief of the Weather Bureau has just received from Rev. K. 
Schipps, of Baustetten, near Laupheim, Wurtemberg, Germany, a letter 
requesting the cooperation of those interested in the study of halos. A 
committee for this purpose has been formed in Germany, on behalf of 
which Mr. Schipps has issued a circular, which we translate herewit!, 
and which will be found instructive as a guide to both observers and 
students. 
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convex side). Most frequently we observe only the red on 
the concave side, but next frequently, also, a blue tint on the 
convex side. The circle has about the same breadth as that 
of the moon. The inner edge, viz, that turned toward the 
star, is without exception more sharply defined than the outer 
edge; the region between the halo and the star is peculiarly 
free from light, and almost always appears considerably 
darker than the area outside of the circle. The halo, like all 
forms of this phenomenon, is generally developed only in 
fragments, with a special preference for the upper region; 
that is to say, on the side nearer the zenith. Next in fre- 
quency after the halo are the mock suns, parhelia, and mock 
moons, which occur either in pairs or individually at the 
same altitude as the sun or moon and at the same distance, 
viz, about 23°, from it; therefore, approximately, lying on 
the circle just mentioned, generally not sharply defined and 
ordinarily of a deep purple red, especially on the side toward 
the luminary. 

Concentric with the first-mentioned circle, there sometimes 
forms a larger one, with a radius of about 46°. Through the 
sun, parallel to the horizon, and therefore having its center 
in the zenith, there passes the white “parhelic circle,” with 
two, four, or six mock suns. Ordinarily this parhelic circle 
is well developed only in the neighborhood of the first halo 
circle and the mock suns. Through the sun, perpendicular 
to the horizon, there is, also, a whitish band, called the “ ver- 
tical column of light.” Not infrequently there occurs in the 
upper part of the circle around the star a “tangential arc,” 
located symmetrically to the vertical column of light, like a 
fragment of a circle of larger or smaller radius than the ex- 
isting halo. Besides these many other forms occasionally 
occur (several dozen have been recorded ), the individual de- 
scription of which would lead us too far. 

Halo phenomena have been very rarely observed about the 
brighter stars. Those around the moon are most frequent 
and easiest to see. Those of the greatest absolute frequency 
are the solar halos, but these are generally difficult to observe 
on account of the more intense sunlight and are overlooked, 
especially because they generally occur only in fragments. 

Solar halos can, with advantage, be observed according to 
a method practiced in the earliest times by their reflection 
in water, or by reflection from smoked glass. But the 
observer should practice the direct observation of the sky. 
To this end, one may place himself in the shadow of a house 
or the thick foliage of a tree so that the direct sunlight is 
cut off. One will soon acquire so much experience that the 
hand or any other object held in front will suffice to cut off 
the sun’s rays. It is best to first examine a region of the sky 
lying farther from the sun by the use of the above-mentioned 
primitive screens, and then by slow motion approach the 
region that is to be observed. A good eye possesses such a 
power of accommodation that it gradually becomes able to 
do without this assistance, at least for short intervals of 
time; still, care should be taken to preserve the eye from 
harm. 

If a halo phenomenon is observed it should be immediately 
and accurately described so that the individual phases of the 
phenomenon should not be confounded. The description 
should include the name of the observer and of the locality, 
the time and the duration, expressed in central European 
standard time (one hour east of Greenwich'). The form of 
the phenomenon is quickest and safest described by means of 
a simple drawing, which is best made by considering the top 
of the drawing as corresponding to the zenith. In the descrip- 


tion, which should be as brief as possible, the ordinary phe- 
homena can be described by simply using the name of the 
form. ‘The orientation or location of the details with respect 


‘The observers of the United States Weather Bureau will, of course, 
use eastern or seventy-fifth meridian standard time. 





to the sun or moon can ordinarily be given by using the 
letter a for above, b for below, r right hand, as seen by the 
observer, / left hand; ra for the region on the right hand and 
above the altitude of the sun; rb for the right hand and 
below; Ja left hand and above; /b left hand and below. The 
intensity, the location and order of sequence of the colors, 
as well as the general intensity of the light, in the several 
parts of the halo, should also be given. For this purpose the 
ordinary three scale, 0, 1, 2, is sufficient, but the 1 may be 
omitted, so that feeble, or intense, optical phenomena can be 
briefly sketched by writing the superscript 0, or 2, to the right 
hand of the letter J for intensity, so that /° designates feeble 
intensity and J* designates very intense. In a similar way 
the nature of the boundary of the circle can be noted by 
using B for boundary and indicating by Bi the inner or 
concave and Be the exterior or convex side, to which the 
superscript 0 or 2 may be added for indefinite or very sharp 
edges, respectively; thus, Bi’=boundary of the side of the 
circle on the side toward the sun sharply defined, or Ba’= 
boundary of the outer rim of the circle ill defined. 

The symbol used in meteorology for all forms of these 
phenomena is, for solar halos, the well-known solar wheel © 
of the ancient mythology. For lunar halos the upper half 
only of this same wheel © is used. 

After some experience one will be able to decide quickly 
on the first glance at the sky whether or nota halo is to be 
expected within a given time, whereby on the one hand much 
time is saved, and on the other hand more phenomena are 
observed. When the cloudiness is favorable for the forma- 
tion of halos one can not examine the sky too often on 
account of the rapid changes of the individual forms with 
location and with time. When the sky is covered only with 
cumulus clouds, in a state of rapid change of form and very 
sensitive to the influence of the solar radiation and through 
which the sun appears as a disk, it is certain that no halo 
will be formed. On the other hand if the sky is covered with 
small cirrus clouds, or little wool flecks, which in certain 
places thin out into grayish white streaks of perfectly homo- 
geneous structure, or show themselves fantastically inter- 
twined and drawn out as homogeneous shreds of clouds of 
small dimensions, as cats’ tails, or such bands as radiating 
from one point pass over the whole sky, namely, polar bands, 
then certainly either a halo, or at least a fragment of a halo, 
or individual “ mock suns” are to beexpected. If these stripes 
broaden out and gradually cover the whole sky while at the 
same time the barometer falls, then more enduring, more 
complete, and often very complex forms of the phenomena 
are to be expected, until gradually the veil of clouds attains 
a dark gray black appearance and grows thicker, so that the 
sun is seen through it only as a bright spot without a definite 
border. From this time on a disappearance of the phe- 
nomena is again to be expected. 

Whoever is in possession of the proper instruments should 
not neglect to take measurements of the angular distances 
of the phenomena from the sun. In doing this it is advis- 
able not to stop with one measurement of the individual phe- 
nomena, but to take many of them in rapid succession, and 
furthermore to again undertake new measurements after the 
lapse of a considerable interval. From a morphological point 
of view (viz, the description of the forms) the halo phenomena 
have been rather thoroughly studied and observed. On the 
other hand, there is still wanting a long continued series of 
measurements, especially for our latitudes, in order to under- 
stand the changes that are going on. 

Moreover, notwithstanding the extended network of meteor- 
ological stations, there are still wanting simultaneous obser- 
vations over a large region since, as it would appear, meteoro- 
logical optics as yet receives no great attention on the part 
of observers, except in Japan. But it is precisely these ob- 
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servations that would be of value for the furtherance of our 
knowledge as to the clouds of ice crystals in front of the 
whirlwind or as to the local similar and simultaneous forma- 
tion of ice in the atmosphere. 

Even the individuality of the observer has an influence 
upon the minute details of observations that is of an impor- 
tance not to be underestimated, and, therefore, every ob- 
server should seek to understand the errors to which he is 
personally liable, and the times at which he is in the best 
personal condition. This has a special bearing on the per- 
ception and distinction between colors. To one person great 
differences of intensity will alone affect his consciousness, 
whereas another has the power of distinguishing the finest 
shades; therefore, a note upon the individual colors that are 
observed and their succession from the inside to the outside 
of the halo should not be neglected. Not less important is 
the difference in the observation of the blue tints on the 
outer side of the circle, since one observer can observe violet 
only in a narrow zone, whereas another can follow it through- 
out a wider band. 

In conclusion the subscriber invites all who have sufficient 
leisure and love of nature to join in the minutest observa- 
tions of halo phenomena, and to kindly send him the results, 
since the greatest usefulness is to be expected from the dis- 
cussion of all the material from a single point of view, and 
since, moreover, individual observations are easily scattered 


and lost. 
> <a Se 


THE EQUATIONS OF HYDRODYNAMICS IN A FORM 
SUITABLE FOR APPLICATION TO PROBLEMS CON- 
NECTED WITH THE MOVEMENTS OF THE EARTH'S 


ATMOSPHERE. 
By Joseru Corrier, Columbia University, N.Y. (dated June 29, 1887). 


Introductory note-—The equations of fluid motion as usually 
given in terms of rectangular coordinates are unsuitable for 
use in problems connected with the motions of fluids on the 
earth’s surface, owing to the curved surface of the latter. 
Hence, either the Cartesian equations must be transformed 
into the equations for polar coordinates, by purely mathe- 
matical considerations, or an independent deduction of the 
equations in terms of polar coordinates must be made. The 
former course was adopted by Mr. Basset’ in obtaining the 
equations of an incompressible fluid in terms of polar co- 
ordinates; the latter process is that adopted in this paper, 
longer and more laborious perhaps, but having the advan- 
tage of giving a clearer conception of the terms entering the 
final equations and of the intermediate steps. 

The plan of this article follows closely that of a paper read 
by the writer before the American Mathematical Society,’ 
adapted to the simpler polar coordinates. Since it is hoped 
this latter paper will soon be published, many of the more 
complex reductions therein have been dismissed with a mere 
reference, as being unnecessary to a comprehension of the 
equations and methods here employed. 

General considerations.—The earth is a slightly ellipsoidal 
body, whose mean radius is about 3,959 miles, or 6,371 kilo- 
meters; the polar diameter is, roughly, only one three-hun- 
dredth part shorter than the mean equatorial diameter, so 
that all necessary accuracy will be obtained by considering 
the surface of the earth as asphere of the above radius. 

The coordinate system suitable for rotating spherical sur- 
faces, or for surfaces departing but little from the spherical 
form, is, of course, the well-known “ polar coordinate” sys- 
tem, where the coordinates determining the position of a 

‘Treatise on Hydrodynamics. Vol. II. § 470. 4 
_ *“On the Expression of the General Equations of Hydrodynamics 
in Terms of Curvilinear Coordinates,” read before the American 


Mathematical Society, March 27, 1897, and about to be published in 
The Mathematical Review. 





point are its north polar distance (4), its rotation angle 
measured eastward (4), and its distance from the center of 
the earth (rv). The measurement of geographic longitude 
positive westward is determined by the fact of the eastward 
rotation of the earth in space. 

The equations of motion which it is desired to obtain are 
three equations, which for three separate orthogonal directions 
express the equality of the “ expressed force” of a fluid par- 
ticle to the sum of the “ impressed forces” and of the result- 
ant surface traction on the particle in the same direction. 

The “expressed force” of a particle is the force necessary 
to produce the existent acceleration in the given direction, 
and is equal to the product of the mass of the particle and 
of that acceleration. 

The “impressed forces” are those forces which are applied 
individually to each particle of the fluid, such as gravita- 
tional forces, electrical forces, ete. The only impressed force 
which need be taken into account in connection with atmos- 
pheric disturbances is the gravitational attraction of the 
earth, whose value per unit mass in any direction may be ex- 
pressed as the derivative in that direction of the Newtonian 
potential, F. It may be considered that the derivatives of /’ 
with respect to 4 and /, that is to say, parallel to the surface 
of the earth, are each zero. 

The surface tractions are due in part to the “ fluid pres- 
sure,” constant in all directions at a given point and inde- 
pendent of the viscosity of the fluid, and in part to the inter- 
nal friction of the fluid determined by the relative motions 
of its particles. 

In all material fluids the internal friction or viscosity can 
not change the mean normal pressure, or the fluid pressure 
at any point, but it does cause a tangential resistance, or 
“ shearing stress,” between layers of particles which are in 
relative motion. It is generally assumed, and the assump- 
tion is borne out by experience, that the shearing stress at 
any point and parallel to any plane, is proportional to the 
rate at which the velocity parallel to the plane is varying in 
a direction normal to that plane, that is to say, viscosity is 
proportional to that component of the relative motion of the 
particles that is parallel to that plane, or to the rate of 
“shearing stress” upon it. A finite slip between the fluid 
and the surfaces with which it may be in contact, or between 
contiguous layers of the fluid itself, or between the layers 
at the limiting surface that is technically known as a “ sur- 
face of discontinuity,” would thus mean an infinite shearing 
stress parallel to the surface of discontinuity, and is hence 
precluded. 

The coeflicient of friction expresses the ratio between the 
shearing stress and the shearing strain; it may be defined 
conveniently as the difference of the tangential tractions per 
unit area on two very large and parallel planes at the unit 
distance apart, moving in the same direction with the unit 
difference of velocity. The space between these parallel 
planes being filled with the fluid, the velocity gradient in a 
direction normal to the slower moving plane will be unity, 
and therefore, according to definition, the intensity of the 
tangential stress on that plane due to viscosity, will be 
numerically equal to the coefficient of viscosity, which by 
common consent is denoted by the Greek letter ». The coeffi- 
cient of viscosity is, approximately, proportional directly to 
the absolute temperature of the air, and is independent of 
the pressure.’ As nearly as present experimental data per- 
mit of its estimation, the value of the coefficient of viscosity 
at a temperature of 62° F., in terms of British units,? may 
be considered as being: 
~ 'Maxwell, Phil. Trans., 1863. 

*The British units referred to are the foot and mean solar second as 


units of length and time, and the mass of a pound of matter as the 
unit of mass. The unit of force, or “ poundal,” is the force which, 





acting on a unit mass, produces unit acceleration. 
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= 0.0000125 Ibs. / ft. sec., 
or, in the C. G.S. system, 
= 0.000185 gr. /cm. sec. 


From the nature of » it will be seen that its dimensions are 
—- 2. 

The equations of motion are applied to, and the coeflicient 
of friction is defined for, either so-called steady motion or 
motion varying according to some definite law; whereas the 
atmosphere is in a constant state of commotion and of irregu- 
lar movement. M. Boussinesq' has shown that in the case 
of turbulent motion the general equations of the mean motion 
take the same forms as the equations for steady or regularly 
varying motion, provided the coefficient of friction be con- 
sidered variable and dependent upon the local turbulence of 
the movement. If the gusty character of the atmosphere be 
quite universally and uniformly distributed, it may be pre- 
sumed that a sufficient allowance for it may be made by 
slightly increasing the value of zu. 

Kinematical considerations.—It is usual among meteorolo- 
gists to define the motion of an atmospheric particle by the 
three components of the velocity, counted positively south- 
ward, eastward, and zenithward, denoted by u, v, and w, re- 
spectively. The spacial displacements measured from a given 
point in these directions are similarly denoted by 2, y, and 2. 
These symbols will be adhered to as far as possible in this 
paper. These velocity components are derived quantities, 
being connected with the space-rates of variation of the coor- 
dinates by the equations: 


Jury, 1897. 


oo eee (southward ). 
v=rsinOdajdt....... (eastward ). 
w=dridt.............(zenithward ). 


It will be noted that the terms “southward,” “ eastward,” 
“zenithward ” only have a definite meaning when the posi- 
tion of the particle on the terrestrial sphere is specified. 
They mean different absolute directions for any particles not 
on the same radius. 

All the kinematical quantities at present sought may be 
made to literally drop into our hands from the following sim- 
ple fiction: Let two auxiliary systems of Cartesian (rectangu- 
lar and rectilinear) axes be chosen; let the one system, YYZ 
(identical with that previously mentioned if the rotation of 
the earth be neglected ), be fixed in space and coincident re- 
spectively with the southward, eastward, and zenithward 
directions at the position 7, occupied by the centroid of a 
particle at a given time (=¢,; let the second system, Y,Y,Z,, 
also have its origin fixed in space at P,. If then to this sec- 
ond system, which may be supposed to have directional free- 
dom, there be imparted constant angular velocities 

oO = 


, w= + u/r ; wo, = + v/r cot 9, 


counted positive in the cyclic directions (left-handed ), these 
moving axes will, fora small interval of time immediately 
preceding or following the given instant, remain parallel 
to the southward, eastward, and zenithward directions corre- 
sponding to the position P occupied by the centroid of the 
particle at the time ¢. It is assumed that at the given instant 
P is moving away from the position P,, at a velocity whose 
components resolved along Y, Y, and Z are u, v, and w, re- 
spectively. (See Fig. 1.) 

It is convenient to use the Newtonian notation, 4, ¥, 2, for 
the components of the absolute velocity of a point, and 2, #, Z, 
for the components of its absolute acceleration, referred to 
the fixed Cartesian system, YYZ, with a similar notation 
for the relative velocity and acceleration with respect to the 


—vjr; 


'“ Essai sur la theorie des eaux courantes,” 1872, part I, §§ land 2, 
PP. 24-26. Memoires des Savans Etrangers. Tome XXIII. Paris, 
1877. 





moving system, Y,)\Z,. Since these two systems of axes 
coincide at the initial instant, the ordinary laws of relative 
motion show that 

t=2,—yYy, wv, + 2,0, 

y= 9, —2,%, +1, 

t= iZ—21,0,+ 4%, 
and remembering that the angular velocities of the secondary 
system are constant, upon differentiation with respect to the 
time, 

t= F,—9,o,+ 4,4, 

¥=9,—4,9, + 2%, 


2=i,— t,, + y”, 
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thr- oO Mm wut eo: cous’, 
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Another set of values may be obtained for the velocities in 
terms of the primary system X,Y,Z. Let u,v, and w be the 
velocity-components, and z, y, and z the coordinates, of any 
one of the cluster of points surrounding the origin P,, of the 
two auxiliary systems of Cartesian axes, and let 4, 4, r, be 
the polar coordinates, with reference to the center and axis of 





298 


MONTHLY WEATHER REVIEW. 





Jury, 1897 

















the earth, of this same origin LP, whie h now becomes the posi- 
tion of the centroid of the given particle at the time t =t,. 
It will be supposed that 2, y, z are each so small that their 
squares and products may be neglected. Then resolving u, v, 
and w parallel to the three axes Y, Y, and Z, it will be found 
that 


=u + wr/r — vy/r cot 4 
j= 0 + wylr + uylr cot (1) 
z= w — vy/r — ual/r 
The verification of these equations is easiest made by com- 
parison with Fig. 2, where the magnitudes of the various 
angles are indicated. 











P= point (z,y,z); PA=z; AB=y; BP=:. 
»¢ d on ~ } ) ‘= . y . 
Angle P,0A =" | Angle P, DC rane | 


Angle P,E 


= Veot 6 | 


Thus, at P,, where x = y = z = 0, and z,= y,= z,= 0, 
9,=J =0 ; 
and %,, ¥,, 2, are the time rates of variation of these same 
quantities with respect to the moving system, or to the polar 
coordinate system, for the angular velocities imparted to the 


moving axes were such as to make these remain parallel to 
the directions in which the polar velocities are measured for 


Angle AOB = ¥ | 


Fia, 2. 


t,= =U ; Z4,=72=Uv, 





a > anal interval of time near the given instant t= 1,. Now, 
in a small time 4, the centroid of the particle, moves from 
(9,4, r) a distance wét toward the zenith, and changes its 
angular position by u/r.4t southward along the meridian, 


>] 


and by . , ot eastward along a parallel. Hence, for ex- 
ample, 
Ou wu. Ou v a Ou - Ou. 
ou = 5° ; ot ai * Sale ave + ar ° ot + a ot 
q os Ou Ou ou Ou v Ou Ou 
on == Ot —— r ar * rsin@g Or * . at 
But at the origin, 
@) 1 @ 
dx ~=—Clrr: OO 
0 case 1 0 (2) 
Oy resin 6 AA 
0 0 
Oz or 


and the relative acceleration of the particle southward may 
be written 

Du 

| 


which interpretation will always be attached to the operative 
symbol D/Dt; that is differentiation along a “stream-line,” 
or along the path of a particle. 
In a similar fashion, it may be shown that 
y= Dv/ Dt Zz, = Dw/Dt ; 


whence the components of the acceleration of the centroid of 
a particle are seen to be, respectively, 


Ou 
at 


Ou 
Oz 


Ou Ou 


zr y + w 


= U 


1 Or 


and 


Du _-—sov u 
=p — 7, tet 
Dv uP vw 
= —~ cot? 3 
y= p, + > cote +— (3) 


If »,, »,, and #, be the angular velocities of a particle of 
the fluid about axes directed southward, eastward, and zenith- 
ward, respectively, and, as before, positive when left-handed, 
the values of these components of the molecular rotation, in 
terms of the primary Cartesian system YYZ, will be' 

OZ 


Ot OY OL OY 
~~ (5, - ~~ 4 (5. iar “) _ 4 G uh 


Oz 
Substituting herein the values of z, ¥, 2, from equations (1), 
and making z, y, and z zero after performing the appropriate 
partial derivations, it will be found upon combination that 


aa ) 


0 y 


Ow Ov v 
20 — <> = cm 
1 oy Oz r 
Ou Ow u 
Oo = — —— 
2 2 Oz Ox r 
Ov Ou v 
20, a = ~ By $ , cot 6 


The relative motions of the particles of the fluid are com- 
pletely determined by the three rates of elongation of lines 





of particles lying southward, eastward, and zenithward (cor- 
responding to the “ stretches” of the theory of elastic solids ), 


' Basset, Treatise on Hydrodynamics, Vol. I, p._24. 
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and by the rates of distortion of the faces of a rectangular 
parallelopiped whose edges at the instant are oriented south- | 
ward, eastward, and zenithward, respectively. These rates of | 
distortion correspond to the “shears” of the theory of elas-| 
ticity of solid bodies. The three rates of elongation may be | 
denoted by s,, s,, and s,, and the six rates of distortion, equal | 
in pairs, by 4,., cy Fry, ANA 4,,, F p25 Ty, In terms of the pri- 
mary Cartesian system, these quantities are known to have_ 
the values:' 


OL OZ O"Y . 

me Or ) ew Oy Oz’ 
ay OF OZ 

=~"; o,,= 5 a 5 

vi Oy?’ Cn me ee OE + Ox’ 
OZ OY O# 

= . 6... = =, P : 

5: az? si oe On Oy’ 


| 

e * * * - | 
or, substituting the expressions for #, 7,2 from (1), and ev alu-| 
ating at the point (4,2,7) as for the molecular rotations, there 


result the following rates of elongation: 


Ou w 


&8,.=>. 
. Ox + r 
Ov Ww nm u te 
8..™= 5 co 
y OY + r r 
Ow 
3. = 5 
i Oz 


| 


and the following rates of distortion: 





Ow Ov v 
‘= a = ‘ ka 
- ~  —_.  ¢ 
Ou Ow u 
O.r — ao —= . + ‘ a 
Oz Or r 
Ov Ou ” 
Cay ogg ™ ; —. cot 6 
: , OX OY r 


At the same time the value of the “ rate of dilatation” may | 
also be found, or the rate at which a very small portion of | 


the fluid is increasing its volume. This is atime rate, and is) 
expressed by the following: 


OY 
oy 


OZ 
= oz + 8y + 8, 


Oz 


OX 


Or 


whence, upon substitution we have at the point (9, 4, r), 


, , 2 # 0 
a a sind. t,, a (tye 
outhward ) sin O Ox ( x) + Dy | ue) + 
: \ 0 1d, 3; 1 0 
Lastw t ree i ; 
Eastward dy (ty) + de (7° ty) + ain Ode 
; \ 1 0 2 1 0 ° 
y , ot ie ; sin 4. t,. 
Zenithward pg ed + Ga | 


It was before remarked that the equations of motion de- 
sired are to be found by equating the “expressed force ” of a 
particle to the sum of the “impressed forces,” and of the 


above given total force due to the surface tractions. If p is 
the density of the fluid, » dx dy dz will be the mass of the par- 
ticle, which multiplied by the acceleration (3) gives the “ex- 





‘Lamb, Hydrodynamics, § 31 (where, however, 7, ,=2f=¢,, , ete.). 


2w 
r 


Ou 


Ow 
dnt 


Oy 


Kinetical considerations.—Let it be assumed that the stresses 
are linear functions of the rates of strain, and that the ratio 
of the tangential traction on any plane to the rate of shear 
on that plane is the coefficient of friction, », already noted. 
Let the normal tractions be 


t 


on the plane of the prime vertical, the meridian plane, and 
the horizontal plane of any point, respectively. Let the tan- 
_gential tractions on the same planes be 


| t t and ¢ t 


where the first suffix refers to the plane on which the stress 
is estimated, and the second suffix to the direction of its 
action. These tractions will be expressed, in terms of the 
rates of strain, by the following relations:' 


Ow uU 
¢ == + —— <i + — w 
Oz r cot 


in >» fe ns OS, 


. ° ‘~ 
yz? toy} zx) bos} ay? we > 


tae = — p— Fue + Qs, 
byy — Pp “7 § € + 28, 
t..= — p— ue + Qus, 

tye = ps Oy. = ly 

te = NO, = ty, 

bay = NO, = typ 


where p is the “fluid pressure” at any point, or the mean 
normal pressure over the surface of a particle, and is inde- 
pendent of the intermolecular friction, or of the relative mo- 
tion of the particles. 

The preceding formulas express the intensities of the trac- 
tions at the centroid of an elementary parallelopiped, with 


edges, dz, dy, and dz, respectively. Consequently, the net force 


in the southward, eastward, and zenithward directions at the 
centroid, due to the surface tractions, will be found by sum- 
ming up the components in these directions of the total 
stresses on all six faces of the parallelopiped. The actual 
labor of accounting for all these tractions is tedious, owing 
to the curvatures of the spherical and conical faces of the 
elementary solid, causing certain of the tractions to have 
components in certain of the three principal directions at the 
centroid which would otherwise vanish. For inspection, how- 
ever, these net forces are here given as follows: The total 
force on a particle of dimensions dz, dy, dz, due to the surface 
tractions, when resolved in the southward, eastward, and 
zenithward directions at the centroid, gives the following 
components, respectively: 


1 . i" é3 dz dydz—(t,, cot 4 + t,,) da dy dz 
r Oz ) 


(sin #6 tay) { diedy de — ty “22 


7 


-)+ . (t,-) ( dx dy dz — (t,, + t,,) dx dy dz 
oy ) ; 


pressed force” in any direction. Hence, remembering the 


convention that the only impressed forces are those that like 
gravitation can be expressed in terms of a force-function that 
is dependent upon the radius only, and after reduction ac- 
cording to the previously deduced formulas and division by 
the mass of the particle, there result the following equations 
of motion: 


: 'Lamb, Hydrodynamics, g 284. 











300 MONTHLY WEATHER REVIEW. Juty, 1897 
Du vw uw 1dp , nfl ds . 24w 2cot 6 dv u 
a ae 4 =— f - J ee so 
Dt Tr oot r p Or Pp [3 Or + > r Ox r OY r’ sin’ A 
Dv , uv vw 1 Op ,# [1 de . 2 dw , 2 cot du v ] , 
8 lad = —L. — J ] —_— —_—. 4 
Dt + r eens r p Oy + p [3 Oy + r Oy’ = r Oy r sin’ @ (4) 
Dw = uw? + v me oF . 1 Op + afl de ee 2 Ou + -)- oo 4 2u cot =| 
Dt r Oz poz pLBoz r\Oxr dy r 


where the Laplacian operator 4’, as applied to the modified) The total height of an atmosphere following the adiabatic 


polar coordinates, has the following interpretation: law would be about 17 miles; the pressure would be reduced 
to one half its sea-level value at an altitude of slightly over 











FF a  .cot9@d,.20 - - - 
# ae — + —_ +, + —++t— >: 3 miles; to 1/10 at 8.4 miles, to 1/100 at about 13 miles, and 
- = & ro ee to 1/5000 at an altitude of about 16 miles, if gravity be con- 
To the above three general equations of motion must be sidered constant, the atmosphere in a stable condition, and 
joined the so-called equation of continuity, the effect of the earth’s rotation neglected. 
pet pe =O, 0 
found, as usual, by equating the rate of increase of the mass 4 
in an elementary space due to the total rate of flow through 
the boundary to the rate of increase of the mass in that same s$— 
space due to increase in density of the fluid. 
It is also necessary to specify the relation between pressure . 
and density at any point. Of the many hypotheses which | 
might be formed as to this relation, the two simplest are: ™ 
(a) that of homogeneity, and (}) that of uniform distribu- | 
tion of temperature. The hypothesis (a) means that the i 
density » shall be considered constant, or that the rate of 
dilation shall be zero, thereby reducing the equation of con- “ 
tinuity to 
al Ou 4 Oo +4 ow +“ cote + 2w _ 0 3 
Or oy Oz r r 
In the case of the earth the total height of the atmosphere * 
if it were homogeneous would be Ff 7 
Po! 9? = 5 miles, nearly, 
where p, and p, are the normal pressure and density at sea " aS 
level; and the rate of decrement of the pressure with increase 
in altitude would be constant. x ‘ 


The hypothesis (}) is equivalent, analytically, to the iso- 

thermal law 
ae 
Po Mo q 

These two hypotheses are manifestly at variance with the . a % T 
known properties of the atmosphere, whose density dimin- 
ishes rapidly on ascent, and whose vertical temperature de- 
crement averages 1° F. per 300 feet of altitude,’ and they 
must be discarded, unless for special purposes, or unless only 
a rough degree of approximation is desired. 

The hypothesis (c) that the equilibrium of the atmosphere 3 ~~ 
is not static but convective, and is kept up by ascending and = 
descending columns of air which fall and rise in temper-| ‘-—- — tases 
ature through their expansion and compression without sen-_ i Py 
sible change of the total quantity of heat, gives better promise. | ——— to ot TY \S 
This is equivalent to the so-called adiabatic law, or the law | fee 

4 
A 2 + & ££ } 8 -4 vo 


governing the expansion of a gas without transmission of heat, | 
Tractsonal Ports of Vowel Presrre 


Dos (’ y’ 

Po Py cad Diwiky ot Seo - Level 
where ; = 1.406 = ratio of specific heat of air at constant ° 
pressure to specific heat at constant volume.* 
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| 
| 
| Fic. 3.—Pressure graph of atmosphere, on hypothesis of uniform 
- ; -——. decrease of temperature at rate of 1° F. per 100 yards ascent. »—1.2. 
‘If these equations are preferred in terms of derivatives with respect | 


> » i * ; >» “” ; > . . ; } . ° 
to terrestrial polar coordinates (/,7,7r,) instead of local coordinates | Even this hypothesis does not represent the observed state 


(x, y, 2), the change may be readily effected by the aid of equations (2). | : . 
Davis, Elementary Oe tote hy — ' | of the atmosphere accurately, since it means a rate of de- 


* Wood, Thermodynamics, p. 54. ‘crease of 1.6° F. per 100 yards increase in altitude, instead of 
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the 1° F. which the presence of moisture in the air and other 
causes conspire to determine. 

As the observed rate of decrease of temperature lies between 
hypotheses b and c, let it be assumed (d) that 


oe (° y 

Po Mo 
It is easy to so determine » that the temperature shall de- 
crease at the observed average rate of 1° F. per 100 yards. 


(5) 


Thus considering g as constant, and the atmosphere in a state | 


of stable equilibrium, 


(6) 


where z is the altitude above the surface of the earth. Elimi- 
nating » from (5) and (6) and integrating, there results 


p= ‘ Pg dz, whence dp =-—pg dz, 


. v—1 v3 


4 Tomek Oe. 
P, — = "2 . ij, Zz 
Po 
where p=p, when z=0. Buvif + is the absolute tempera- 


ture of the atmosphere (temperature in Fahrenheit degrees 


+ 461°, or in Centigrade degrees + 274°) and if the air isa 
perfect gas it must satisfy the well-known relation 


Po ie 


> 
‘oOo 0 


: = 1,713 


v r4 / 


in British units, where p = poundals/ft.’ and » = Ibs./ft.*; or 
Po 
fo a 


in C.G.8. units, when p = dynes/em.’ and » = gr./em.*; + be- 


2,864,000 


ing measured in Fahrenheit degrees in the former case, in | 


Centigrade degrees in the latter. 


Making use of equations (5), (6), and (7), » may be de-| 


termined so as to make 
dt 1 
dz 3800 
so as to accord with the observed value of the rate of dimi- 


nution of temperature. The value thus found is approxi- 
mately » = 1.2. 


F.°/ft., 


2 


1 


The total height of an atmosphere satisfying this law, 


p p 1.2 
Po () 

would be about 30 miles; the pressure would be reduced to 
one-half its value at sea level at an altitude of 3} miles, to 
1/10 at 94 miles, to 1/100 at 16 miles, and to 1/5000 part at 
an altitude of about 23 miles. These values are somewhat 
affected by the diminution of the value of g with increasing 
altitude and by the presence and increase of the centrifugal 
‘force due to the rotation of the earth. 
| The agreement with the known properties of the atmos- 
phere is much closer than under the preceding hypotheses ; it 
,is sensibly exact at lower altitudes, and although the atmos- 
phere is believed to extend in a state of extreme tenuity to a 
‘height considerably greater than 100 miles, no significant 
|pressure would be encountered at an altitude of 45 or 50 
‘miles. It is estimated that at an altitude of 30 miles the 
pressure is but 3}, of an inch of mercury’ (about 1/6000 of 
‘the pressure at sea level), a discrepancy of less than 20 per 
cent in altitude between the calculated and estimated values 
at this low pressure. 

A graph of the pressure and density distributions under 
this law is given in Fig. 3. 
| If the law of distribution of the absolute temperature be 
‘assumed (¢) to be any other function of the radius or alti- 
tude, and if need be also of the latitude, the relation between 
pressure and density may be found by eliminating the tem- 
perature between this assumed law and equation (7). 
| In the equations as thus far discussed, no specific reference 
has been made to the rate of rotation of the earth, which may 
be regarded as possessed of a constant angular velocity 


2 
86,164 
‘about its polar diameter. An exactly sufficient allowance 
for this rotation will be made by substituting for (v) the 
‘value (v + wr sin 6) wherever v appears in the left-hand 
‘members of the three equations of motion, except in the 
interpretation of the operator D/Dt, which refers to an opera- 
tion relative to the earth. 

Thus, the corrected equations of motion (4) become 





= 
“a 


= 0.0000729 Sec. — 


a= 


Du v uw 1 dp pe 
_ . 0 = 9y : 6—w' r sind 46=—- — sah eee 
Dt = cot 6 + _ 2v w cos vw’ ¢ sin 8 cos > te + - [ 
Dv uv ow 1 Op It 
. 9 . 9 ; —— ree 8 
De t+ y cot 6+ — + 2u » cos 6 + 2w sin 0 > oy A (8) 
Dw u* + v’ OF 1 Op pe 
ome am & i — @ | in? # = onan ce Ke-en 
Dt ; 2v 4 sin 6 — wr gin’ é de > Of r [ 


Now if the atmosphere is in a state of relative rest, so that 
u=v=w=O0, these equations reduce to 


1 Op : 
Pp Z = w' r sin 6 cos 6 
1 Op 
- Eo 0 
p oy 
1 Op OF . 
p - ss Oz + r sin’ @ 


the resultant of which forces must be normal to the earth’s 
spheroid, or to the level surface of the earth. But, according 


to the assumption whereby the eccentricity of the earth was 
Rrev——3 


| neglected and the earth considered spherical, that level sur- 


face must be spherical, and 


ea 8 
p Ox 

) 
TP. gg 
p Oy 
1 Op 
p “Oz 7) 


Hence, to give consistent results with the arbitrarily chosen 
spherical equipotential surface, the quantity («’ r sin 4 cos 6) 





'Davis, op. cit., p. 13. 
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of the first equation must be discarded, and for (G+ w? cin’# ) 


of the third equation must be substituted (— q).' 

Still g will vary with the altitude; and if g, is its value at 

the radius a, then 
g = 9,0'/r° 
for points exterior to the earth. 

Now the mean mass-altitude of the atmosphere, or the alti- 
tude of the centroid of a vertical column of air, according to 
the suggested relation between pressure and density, is about 
4} miles. Therefore, if the mean atmospheric radius be con- 
sidered as a = 3,959 + 4 = 3,963 miles, or 6,377 kilometers, 
an error of 1 per cent in terms containing 1/r’, and of only 
one-half of 1 per cent in terms containing 1/r, will be made 
by considering r constant and equal to a at as great a dis- 
tance from the surface of the earth as 24 miles, at which alti- 
tude the density of the air is inappreciable and its effect on 
the general circulation a minimum; whereas at the surface 
of the earth, where the density is a maximum, the error in- 
duced by considering r constant will not sensibly exceed one- 
fifth of 1 per cent in terms containing 1/r’, nor one-tenth of 
1 per cent for terms in I/r. The quantity g is the term most 


y ‘ = ‘ : 9s W ‘ = 
Du _v cot 0 + ” — ay weosd + 19P =” : + fy SOP ns SNES Oe we 3 
Di a a pox pL3or a Ox a Oy a’sin’é@ 
. , 9 ! Ye ' 20w , 2 #0 _ 
Do. 8 oot + +4 ou wcos + 2wwsind + 1°? =" f ié fee On oot Cou = -s 
Di' a a poy pLsoy a oy a Oy a’sin’@] 


| affected by this change; yet the error is small and constant 


for any stratum concentric with the earth. It will therefore 
not give rise to any disturbing pressure gradient, and it may 
be concluded that all necessary accuracy will be obtained, if 
we consider r= a = 3,963 miles, wherever that quantity en- 
ters explicitly in the equations of motion.’ 

Certain terms of these equations are always negligibly 
small. Thus the actual component of the wind velocity par- 
‘allel to the surface of the earth can not well reach as high a 
'value as 200 miles per hour; yet if that were possible the 
quantity (v* + u’)/aof the third of equations (8) would not ex- 
ceed 0.000008 ft./sec.’, and the maximum value of the quan- 
tity 2 vsin 4 in the same equation would be less than 0.002 
ft./sec.*, both of which may be neglected in comparison with 
gtw 
= aa 





the value of g. In that same equation, the quantity 


pa 
may be similarly neglected. Several other terms may be 
negligibly small if the territory covered by the particles 
under analysis does not include the terrestrial poles; but the 
resulting changes are obvious. 

Making only those alterations specifically noted, the gen- 
eral equations of motion are obtained in their final forms as 
follows: 
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where the operator D/ Dt and the Laplacian operator 4’, and 
the dilatation ¢, have already been defined. To these equa- 
tions are to be added the equation of continuity of the fluid, 
and the relation between pressure and density. In the case 
of frictionless or “ perfect” fluids, the second members will 
be each made zero. 








Nore.—In the United States Coast Survey Report for 1875, 
p. 372, Ferrel gives in his equations (8) formulas differing 
from equations (8) of this present paper by the factor 2. 
Thus, Ferrel’s equations would give the following instead of 
‘our equation (8): 
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The superfluous factors 2* are errors in Ferrel’s equations, 
introduced in the passage from equations (7) of his paper 
to (8). 

In fact, the accelerational terms of his equation (7) are 

D?@, Dfr, and Dir, 


or which is equivalent, 


D,(u/r) , D,(v/rsin®@) , and D,w. 


This symbol D is, in the paper referred to, treated as the | - 


symbol of partial derivation with respect to the time, a simi- 
lar notation being used for partial derivatives with respect to 
the space coordinates. In this lies Ferrel’s error, for D, is 
identical with the operator D/Dt of this paper, and is a total 


Compare Ferrel, “ Recent Advances in Meteorology,”’ Report of the 
Chief Signal Officer, U. 8. War Department, 1885, Part II, p. 184. 





‘derivative, defined in terms of the quantities appearing in 
‘the equations by 


7] 7] 0 0 
“ Ox *F Oy ba Oz + ot 

By introducing this correct interpretation of the operator 
_D, the equations deduced from (7) of Ferrel’s paper will be 
exactly equivalent to our equations (8). 

This error has already been pointed out by Sprung,’ who 


derived the equations in a different manner.’ 


' At that altitude g, — 32.08 ft./sec.2. Cf. Thomson and Tait, ‘‘ Treatise 
on Natural Philosophy,’’ Vol. I, Part 2, § 801. 

* Meteorologie, 1885, p. 208. 

*It had also been recognized by Ferrel (see his Meteorological Re- 
searches No. III, 1882, p. 46, or Report of Coast and Geodetic Survey 
for 1881, pS) and does not reappear in his Recent Advances, Wash- 
ington, 1885, but has unfortunately been copied, inadvertently, by sev- 
eral subsequent authors.—Eb. 
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NOTES BY THE EDITOR. 


DEATH OF MR. JOSEPH COTTIER. In the following table we have rearranged the Toronto ob- 
Among the special contributions to the current number of , Servations according to the heights of the clouds instead of 
the Montuty WeEATHER REVIEW is one that we esteem of | the day of the month. The reader will, therefore, more easily 
much importance to those who are studying the fundamental | perceive the range of altitudes through which clouds of any 
problem of meteorology. This paper was sent us by Mr.Cot-|8!ven class are observed, as also the slow rate of increase of 
tier on June 29, and we anticipated great pleasure in intro-| Velocity with altitude on any given day as contrasted with 
ducing Mr. Cottier and his subject to the readers of the, the rate for any given class of clouds. The table emphasizes 
Monraty Wearner Review. But, alas! our pleasure is| the futility of any effort to ascribe an average height or ve- 
turned to grief by the intelligence of Mr. Cottier’s untimely | !ocity to any given class of clouds. For instance, there can 
death, from typhoid fever, on August 17, at Paris. Mr. Cot-|be no doubt but what the cumulus clouds exist throughout 
tier was a young man of brilliant promise. He was about such a wide range of altitude at Toronto (and throughout 
to enter upon the last year of a well-deserved fellowship in| much wider range if we consider both the tropical, the tem- 
science in Columbia University, New York City. The memoir| perate, and the polar regions) that any system of nomencla- 
with which he honored the MonrHty WeaTHer Review was| ture that ascribes to them specific altitudes must lead to 
his last work before starting on his vacation trip. It may be great confusion. The present table shows us that cirro- 
considered as a special application of a more general work on | Cumulus exists at altitudes of 6,000 and 10,000 meters, while 
hydrodynamics that he had nearly finished, under the stimulus | the cirrus proper come in between, at 7,000 or 8,000. 
of Prof. R.S. Woodward, of Columbia. Doubtless this latter Cloud heights, Toronto, May, 1897. 























memoir will also be published, and both will serve to fix in pei: oe eal iid ie 
° ° ovin elocity, 
the annals of science the name of one whose early death is a Name of cloud. Altitude. | from— | hourly,’| Date. | Time 
sad Joss to meteorology. sneswninestin Ee See = 
sake sien Ci 1 merit 17 wen. 7|'s 0 
ITTO-CUMUIUB. «66 eee ee eeee ° n w. . .™. 
DEATHS OF WEATHER BUREAU OBSERVERS. Cirro-cumlus...0....c0000 rem |s ap w.| aig] a5 | 10 Sram, 
- — ° P SUED 9n50eesGsbveres cenace - n w. b 1/12 .m, 
Mr. B. 8. Pague, local forecast official and section director CRTs oso seseesee scons 7,089 | n. 42 w. 88.7 21 | 12 43 p.m. 
m : er af Cirro-cumulus.........+00++ 6,135|> mn 6 w. 65.8 17 | 12 33 p.m. 
< tea _— us the following notes in connection with Strato-cumulus areg SADA 8,040 | 8 6 bas n8.5 12 2 30 p = 
’ d ys Strato-CUMUILUB «.... cece cee ® 8 w. . m., 
is report as ow ann angen ceccces — yo s | w. > 14/| 2 35 p. ™m. 
y . = arw " Sad « ‘umulus or alto-cumulus.. 2,302 | 8 w. 6 13; 3 Ol p.m. 
Mr. Ww. H. Goudy, voluntary observ er, died at Hubbard, Oreg., on a 2301 | n. 41 w. 20:9 15110 20m. 
July 12, aged seventy-five years. He was a pioneer in Oregon, a suc- | Cumulus or alto-cumulus.. 2.283 8. 46 w. 33.6 18| 2 45p.m. 
cessful farmer, and a highly respected citizen. aa or ae yo} | 8 < w. aa 4 : - p. m. 
> S. EF. McC a he . " rics .» m¢ Ss ‘umulus or alto-cumulus.. a | 8 w. A p.m. 
Prof. 8. E. McClure, in ch irge of the meteorological work at the state ama ans nap 1971 | 8. 44 w, “37 14| 2 Sip.m. 
University, Eugene, Oreg., was killed the night of July 27, 1897, while | Gumutus....22222000 022222. 1,936 | s. 47 w. 36.8 14| 2 2p.m. 
descending Mount Ranier, Wash. He accompanied the Mazama pote | Stratus .oceecccecscseee ooee 1,042 n. 40 w. | 21.7 21) 12 58p.m. 
and conducted the observations. In descending, his foot slipped and | , ! _ 


he was precipitated down a 300-foot incline and was instantly killed. Nore.—A few of the figures in the above table are open to some un- 
He was thirty-five years old, highly intelligent, of good promise, — certainty, owing to defective type in the printed page from which the 
lar, and respected. He was killed while pursuing scientific work. The | data are taken. 


Bureau has lost two valuable men. insistent tistics 
: a RAIN GUSHES IN THUNDERSTORMS. 
RETIREMENT OF PROFESSOR HANN. Mr. Edgar Richardson, at Healdsburg, Colo., under date of 


From the London Geographical Journal for September, | July 27, says: 

wi . > > M i , > —_— ° ° a . 
1897, we learn that Prof. Julius Hann has, at his own Te-| When living in West Virginia I used to observe that, during a thunder- 
quest, been relieved of the post of Director of the Central-| shower, after every clap of thunder the rain would come down with 


Anstalt fur Meteorologie und Erdmagnetismus, which he held | increased quantity for a few moments and then let up again. The 
| whole effect seemed to be caused by the thunder discharge letting 


in conjunction with that of Professor of Terrestrial Physics | | ceatleeeee ce aif eae ak I , 
at the University of Vienna, and has been appointed Profes- on of tke Geek tae Ga it. Will. oon kindly cualahe ie aakaa. 
sor of Meteorology at Gratz, in Styria. While recognizing | possible? 
the eminent merit of Professor Pernter, yet we are sure that! goveral plausible methods of explaining this phenomenon 
the meteorologists of America will unite with those of Europe fee Rsneen oo tod fuome time te a a wt sas perpen 
in “geo gage ng Hann has been forced by sickness to teorology, but =. progress of our knowledge has mv roe 
seek a relief from his onerous duties in Vienna. Onec oer" } ° cam. 2 

but hope that he may be able to accomplish at int ove dissipated these explanations a6 errenscs, bat without, as 

yet, replacing them by something nearer the truth. 





mote than be has done at Vienne for meworciegy. One of the oldest suggested explanations was that the com- 
oe motion in the air produced by the thunder jostled the cloud 
CLOUD HEIGHTS AT TORONTO. particles together into larger drops that fell as rain. Gen- 


In the Monthly Weather Review of the Canadian Meteoro-| erally the drops reach the ground so soon after the thunder, 
logical Service for the month of May the director, Prof. R. F.| possibly even at the same time with it, that this explanation 
Stupart, publishes the first that we have seen of the results| fails. Kven the large drops would require ten seconds to fall 
of the observations of the heights and velocities of clouds | 1,000 feet, and the clouds are much higher than that; more- 
made at Toronto in accordance with the recommendations of | over, no amount of noise, such as the firing of a gun into a 
the International Meteorological Committee. The published | smal! cloud of escaping steam, will produce any such forma- 
observations represent only seven days out of the thirty-one,| tion of large drops. The idea that violent explosions can 
but they are worth reproducing in order that our correspond-| produce rain was thoroughly refuted by the famous experi- 
ents may obtain the earliest possible information with re-| ments made by Dyrenforth a few years agoin Texas. Equally 
gard to the results of this important work. It is understood | erroneous is the idea that has been widely believed in for 


that the work done by the Weather Bureau and, possibly, | several hundred years that explosions and cannonadings can 
also that of the Blue Hill Observatory will be published as a| break up and dissipate hailstorms, thunderstorms, and rain, 
whole in one report. when they are not wanted, 
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The rain from every cloud always comes down more or less 
intermittently, it may be in short, heavy showers, or in longer, 
gentle alternations. We do not know enough of the natural 
process by which rain is formed within a cloud to understand 
why this intermittent action should so generally occur, but 
any one watching the progress of a rain cloud from some 
height where he may command a broad landscape will ob- 
serve it dropping its rain here and there as it moves along. 
Even if there were no connection, by way of cause and effect, 
between the noise of the thunder and the fall of the rain, yet 
there would always be some observers in the path of the rain 
cloud who would be able to say that the rain fell upon them 
just after they heard the thunder. There will, of course, be 
many more who will have observed that the rain came with 
or even before the thunder, and it will hardly do for us to 
attempt to explain the reasons why heavy rain follows the 
thunder until we have first satisfied ourselves that it does not 
equally often precede the thunder. It would take a very 
careful observer to accumulate the necessary statistics. He 
should give us the following numerical data, viz: How many 
times in the course of a year has heavy rain followed after the 
thunder within 1, 2, or .... 10 seconds and how many times 
has the rain preceded the thunder by 1, 2, or .... 10 seconds ? 

There can be no doubt but what thunder, which is formed 
simultaneously with the lightning, reaches the observer’s ears 
some time after he sees the flash, and the Editor has always 
thought it likely that the special showers of rain have a direct 
connection with the flash rather than with the thunder. So 
far as his own observations go, the shower has always followed 
the flash and not the thunder; in fact, the thunder and shower 
often reach us at the same time. Some very accurate observa- 
tions on thunder and lightning were recorded by Mr. Still- 
man Masterman, of Weld, Franklin County, Me., both at that 
place and at Stillwater, Minn. These are published in the 
Annual Report of the Smithsonian for 1855, pages 265-282. 
His records give the details of each individual flash of light- 
ning and resulting thunder. In the storm of the afternoon 
of July 9, 1854, the details of over fifty flashes are given, and 
one case is noted in which a flash, whose thunder became 
audible within two seconds and was entirely over within five 
seconds, was preceded by the gush of rain. Similarly, in the 
storm of September 6, 1854, one flash was preceded by five 
seconds and another flash was preceded by one second, by the 
gush of rain. On June 14 and 15, 1852, Mr. Masterman says: 

I noticed that for several succeeding discharges of the electric fluid, 
there was in every instance a sudden and violent gush of rain, imme- 
diately previous to the flash of lightning. I have observed a like phe- 
nomenon on several previous occasions. 

It is at present an open question whether the gushes of 
rain in any way bring about the formation of lightning, or 
whether the formation of lightning produces or accompanies 
the formation of the raindrops. In fact, both may be true, 
each under appropriate circumstances, but there is no reason 
to associate the thunder and the gushes of rain together as a 
case of cause and effect. 

(1) When gushes of rain closely attend the lightning it is 
not improper to consider the falling rain as a mass of electri- 
fied drops conveying the electricity from the cloud region to 
the earth’s surface; when they have approached the latter 
within “the striking distance,” then the flash of lightning 
springs forth. The occurrence of the lightning is, therefore, 
in such cases due to the presence of a column of descending 
raindrops. 

(2) When the rain precedes lightning by several seconds, 
as in the case observed by Mr. Masterman, this explanation, 
of course, does not apply. 

(3) When the rain follows the lightning at an interval of 
several seconds the connection betwen them may be either 
accidental or casual. 








(3a) In the first case, the rain started from the cloud inde- 
pendently of the lightning and reached the observer a few 
seconds later, partly because it took that time to reach the 
ground, and partly because it took time to be carried along 
horizontally by the wind as it fell to the earth. Both the 
vertical motion and the horizontal motion are involved in the 
time that elapses between leaving the cloud and reaching the 
observer. 

(3b) If the connection is causal then, probably the light- 
ning and the raindrops are formed at the same instant, and 
the time that elapses between the observer’s observation of 
the flash and the shower is essentially the time occupied by 
the drops in falling to the earth’s surface. 

As the Editor has elsewhere said, a cloud is essentially a 
collection of particles of water condensed upon dust and 
other foreign matter as nuclei. These particles are surrounded 
by an atmosphere that is saturated with vapor but not yet con- 
densed. As this saturated air cools it becomes supersatu- 
rated, and when this condition has proceeded to a point com- 
parable with that which obtains in a state of unstable equili- 
brium, the vapor molecules from acomparatively large sphere 
of supersaturated space are, by their molecular attractions, 
suddenly brought together into heavy drops of warm water 
and descend rapidly from the clouds while the latent heat of 
condensation is communicated to the adjoining air and left 
behind in the cloud. At the same moment electricity, possi- 
bly due to the molecular disruption involved in the passage 
of vapor from the condition of extreme supersaturation to 
the sudden formation of large drops of water, or possibly of 
snow or ice, gives rise to the lightning flash. 

All these suggestions looking toward an explanation of 
the connection between thunder. lightning, and gushes of 
rain must be understood to be merely so-called working 
hypotheses, which need to be tested by further experiment 
and corrected, and possibly entirely abandoned. 

—> @ a 
IMPORTANCE OF SOUND THEORIES. 

It is very common to hear it said that “ facts are more im- 
portant than theories,” by which we are to understand that 
untried theories or fanciful hypotheses are intended; the 
theories of a person who is not in touch with actual experi- 
ence. Meteorologists, in their attempts to get at the laws of 
nature, have always suffered, from the fact that they can not 
experiment with the atmosphere on a large scale; we can 
even rarely collect enough observations to enable us to un- 
derstand what is going on above and below over any large 
storm area. The history of our science has been, like the 
history of every other branch of science, marked by the for- 
mulation and destruction of a long series of hypotheses as 
we have proceeded step by step toward a better knowledge of 
the secrets of the atmosphere. The past forty years has been 
especially rich in a kaleidoscopic series of developments in 
the views of those who are leading our thoughts toward the 
rational and true mechanics of the atmosphere. It is no 
disparagement to an honest seeker to be told that he has 
learned something, and has been forced to change an opinion 
within the past ten years, but it is, on the contrary, rather 
to his disparagement to confess that he has seen no reason to 
make any change in his former belief, notwithstanding the 
results of the researches of the many energetic physicists 
who have devoted their time and thoughts to meteorology. 

We have been led to these thoughts by reading the latest 
pamphlet published by Faye of Paris, entitled “ New Studies 
on Hurricanes, Cyclones, Waterspouts or Tornadoes,” and 
have been forced to coincide with the sentiment of the follow- 
ing quotation from an admirable article in our cotemporary, 
Nature, of July 29: 


As a general rule it is a matter of perfect indifference to the ordi- 


nary purposes of life whether we hold a correct or an incorrect theory 
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in astronomy or meteorology. Life and commerce and navigation 
would go on the same whether we believed that the earth went round 
the sun, or the sun round the earth. But in this matter of tempests 
and cyclones, trade and commerce can be very adversely affected if we 
teach an incorrect theory of their origin and motion. A captain can 
only hope to escape from the danger with which they threaten him by 
localizing, with some precision, the situation of the inner vortex. To 
do this he has but one guide, the direction of the wind. The use he 
makes of this guide in inferring the position of the ship with refer- 
ence to that of the storm center will be materially affected by the 
views he holds concerning the motion of the wind in a cyclonic storm. 
A rule must be devised for his guidance without ambiguity, and one 
that can be followed without hesitation. Piddington and the older 
meteorologists held that the movement of the wind in a cyclone was 
circular. In this view they are followed by Mr. Faye. The result of 
this belief was the enunciation of the rule of eight points expressed 
something in this way: With the face turned to the wind extend the 
rightarm. Inthe Northern Hemisphere you will point in the diree- 
tion of the storm center. This rule can be su meatal only by ignoring 
a great mass of recent observations. The rule asserts that the wind 
blows at right angles to the radius, but it has been shown over and 
over again that in true cyclones the winds are strongly inclined in- 
wards, not directly to the center, but approaching it by a spiral. A 
more accurate rule has been deduced and is supported by weighty 
authorities, but not by Mr. Faye. In the Northern Hemisphere, with 
face to the wind, the direction of the center is from ten to eleven 
points to the right-hand side. To go back to the old rule of Pidding- 
ton is a retrograde step, but the mischief does not end there. The 
distrust likely to be awakened in the mind of the seaman by the spec- 
tacle of disaccord among the scientific authorities can have the most 
disastrous results. The ordinary seaman asks fora clear and precise 
rule on which he can act without argument or question, while his 
whole attention is directed to the preservation of his ship. M. Faye is 
rreat authority. His name is one to conjure with, and it is not un- 
ikely that the rules which he quotes with approval will be copied into 
English books by those who compile manuals of brief and ready 
directions for navigation, and in this way perpetuate an evil against 
which a mass of scientific evidence, collected in less accessible quar- 
ters, is powerless. 
—_> eo 


THE OBSERVATION OF HALOS. 


The communication on a preceding page from the Rev. K. 
Schipps illustrates the remarks made in a recent number of 
the Monruty WeatrHer Review to the effect that meteor- 
ology offers innumerable fields of interest to the special 
observers, and there doubtless are a few in this country who, 
as students of physical or optical meteorology, will be glad 
to take up the subject of halos with the enthusiasm of the 
Halo Committee, represented by our learned correspondent. 
Students of meteorology will profit by a study of the treat- 
ment of this subject in the first and third volumes of the 
Traité d’Optique (Paris, 1893), by Mascart, the Director of 
the Meteorological Central Bureau of France. The ordinary 
rainbow is a well-known illustration of a solar halo, whose 
angular distance from the sun is from 138° to 140°, that is 
to say, about 40° or 42° from the anti-solar point or from 
the direction of the shadow of the observer. The general 
theory of the rainbow and its supernumerary arcs, as deduced 
from the wave theory of light, is given by Mascart (Chapter 
V), but a most elaborate investigation of the subject, 
together with a series of exact observations of rainbows, has 
just been published by Prof. J. Pernter, the newly-appointed 
successor to Prof. Dr. Hann as Director of the Central 
Institute for Meteorology and Terrestrial Magnetism at 
Vienna. 

With regard to the names of the halo phenomena referred 
to by Dr. Schipps as proper to be used in the observers’ con- 
densed descriptions, the following list, compiled from Mas- 
cart’s Treatise, will be helpful : 

Corona, or glory. Acircle of light or color surrounding the 
sun or moon or any other luminary, either celestial or terres- 
trial; the angular radius of such circles very rarely exceeds 
5°; the largest that has yet been observed is the so-called 
Bishop’s circle of about 15° radius, first described by Sereno 
Bishop of Honolulu, in connection with the haze due to the 
eruption of Krakatoa, August 27, 1883. 





Anti-solar coronas or anti-lunar coronas. Similar small cir- 
cles of light or bands of color surrounding the anti-solar 
point, and seen with especial beauty when, from a mountain 
top or a balloon, the observer’s shadow is cast upon the clouds, 
and sometimes when it is simply cast upon a meadow covered 
with dewdrops. 

Shadow beams, or perspective beams, or solar beams, or 
beams of light and shade. These beams, due to the shadows 
of clouds in the sky, or of mountains and terrestrial objects 
when the sun is below the horizon, appear to converge 
toward the solar and the anti-solar points, and are widest 
apart in the region perpendicular to the line joining the sun 
with the observer. They are, in fact, parallel with each 
other, and the convergence is only an illusion of perspective. 

Primary rainbow. A halo of 40° or 42° radius from the 
anti-solar point, a brilliant circle of spectrum colors. 

Secondary bow, or secondary rainbow. A halo of feebler 
light than the primary rainbow, and having a larger radius, 
viz, from 50° to 54° from the anti-solar point. The secondary 
rainbow is sometimes called the reflected bow as though it 
were the reflection of the primary, but this is not proper. 

Tertiary rainbow. A halo having a radius of 41° from the 
sun; quarternary rainbow, a halo of 44° from the sun; 
quinary rainbow, a halo of 54° from the anti-solar point. 
The 3d, 4th, and 5th orders of rainbow are too feeble to be 
ordinarily observed. 

Supernumerary arcs. The colored fringes that border 
almost every system of rainbow colors, and especially on the 
inside of the secondary rainbow. 

Reflected halos or reflected bows. These are sometimes 
seen by reflection, properly so called, from the smooth surface 
of rivers or lakes. 

The white rainbow. A halo of between 33° and 42° radius 
from the anti-sun, described first by Mariott, but more fre- 
quently known as Ulloa’s circle. 

The peculiarities of all halos depend upon the size of the 
particles or drops of water, the uniformity in size and shape, 
the number of reflections within the drops, and the mutual 
distance of the drops or particles from each other. Ulloa’s 
white rainbow appears to be formed, according to Mascart, 
by the overlapping of bows formed by a mixture of drops of 
all sizes. 

The second set of optical phenomena are due to the pres- 
ence of crystals of ice, hexagonal prisms, flat plates, and 
hexagonal pyramids, either alone or in combination with 
drops of water. The optical phenomena due to these may be 
designated by the following among other names: 

Anti-sun or anthelion. The bright spot or point directly 
opposite the sun, or directly in the line of the shadow of the 
observer’s head. 

Halo of 22° radius from the sun. 

Halo of 46° radius from the sun. 

The tail of the halo; a projection attached to the halo of 
22°, and also to the halo of 46°. 

Parhelic circle. A horizontal white band passing through 
the sun and sometimes entirely around the heavens parallel 
to the horizon. 

Parhelion of 22°. A bright spot on the parhelic circle 22° 
to the right and left of the sun. 

Tail of the parhelion. A short extension of the bright 
light from the parhelion, or mock, or false sun, extending 
vertically or horizontally. 

Parhelion of 46°. The bright spot 46° from the sun at 
the intersection of the halo of 46° with the parhelic circle. 
This parhelion also has a tail streaming along both its inter- 
secting circles, especially the halo circle. 

Paranthelia. The mock suns that appear when the true 
sun is very near the horizon and which can appear in the 
parhelic circle on either side of the anthelion and at about 
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46° and 82° distant from it. There is a third paranthelion 
at 38° and a fourth one at 60°, the latter being white. 

Tangent arcs. These may be tangent at the top and 
bottom of the halo circle of 22°. When perfect they have 
two branches, one pair running off indefinitely and the other 
circumscribing the halo of 22°. 

Circumzenithal parhelic circle. A horizontal circle tangent 
or quasi-tangent to the halo of 46°. 

Lateral tangential arcs. These are arcs tangent to the lower 
part of the halo of 46° at points considerably to the right or 
left of the vertical circle from the zenith through the sun. 
Corresponding supra-lateral tangent arcs may also occur tan- 
gent to the same circle on the right and left hand sides of its 
summit; in fact,in one position only, the upper and lower lat- 
eral ares may become continuous and inclose the halo of 46°. 

Lateral ares tangent to the halo of 22°. They are known 
as the ares of Lowitz; they are of short extent and only 
clearly disengaged from the halo when the sun is quite high 
above the horizon. 

Columns of light. 
through the sun. 

Solar cross. The intersection of a bright vertical column 
and a bright horizontal bar with the sun or the anti-sun at 
the center. 

Oblique parhelic circle. This is analogous to the hori- 
zontal parhelic circle, except for its inclination. 

Oblique ares through the anthelion or through the sun. 
These are usually inclined about 30° to the vertical, or 60° 
to each other. 

St. Andrew’s cross. Two oblique arcs passing through the 
sun incline to each other at 60°. 

As all these phenomena are due to the reflection and refrac- 
tion of sunlight by crystals of ice floating in the air, the fre- 
quency of the phenomena will depend, other things being 
equal, upon the relative frequency with which crystals of the 
proper form and position occur in the sky. European ob- 
servations gave Bravais the following results. (See Mascart, 
Optique, Vol. III, p. 518.) Let all the halo phenomena be 
divided into four classes, as follows: 

I—When the axes and facets of the ice crystals are dis- 
tributed by chance, which is the great majority of cases, we 
perceive then only the two principal halos of 22° and 46°, 
and sometimes the halos due to prisms whose angles differ 
from the 60° or 90° that occur in the normal prisms of ice. 

11.—When the prisms have a vertical axis they produce the 
parhelia of 22°, the quasi-tangential arcs to the halo of 46°, 
the parhelic circle, the para-anthelia of 60°, and the vertical 
columns or bright bands of light passing through the sun. 

[11.—When the plates of the ice crystals are vertical they 
produce the halos of 22° (the upper and lower parts of which 
are by far the brightest portions), the upper and lower arcs 
tangential to this halo, the lateral arcs tangential to the halo 
of 46°, and the parhelic circle. 

1V.—When the lamellar crystals are unsymmetrically de- 
veloped, so as to cause one of their diagonals to be vertical as 
they slowly fall through the air, they produce the extraor- 
dinary arcs tangential to the halo of 22°, the parhelia of 46°, 
the anthelia, the oblique arcs passing through the anthelia, 
and the similar arcs passing through the sun itself. 

The relative frequency of these groups of phenomena, as 
indicated by the number of cases observed by Bravais, is: 

1—The great majority of cases. 

I1.—Two or three hundred times, or very frequent. 

I11.—Eighteen times. 

LV.—Eight times. 

If and III simultaneously.—Forty-five times. 

II and LV simultaneously.—Three times. 

II] and LV simultaneously.—Once. 

Il, I1I, and IV simultaneously.—Six times. 


Bright white columns passing vertically 





THERMOMETER EXPOSURE. 


It is frequently complained of the Weather Bureau tem- 
peratures that they relate to points in the atmosphere too 
high above the ground, and some remarks on this subject from 
our esteemed voluntary observer, Dr. A. C. Simonton, of San 
Jose, Cal., suggests the question, “ What part of the atmos- 
phere is of interest to man so far as temperature is concerned?” 
He answers this from the physician’s point of view and says, 
“ Evidently that part in which he lives.” But to this we must 
add that man is also interested in a much wider range of tem- 
perature than this. We mighteven ask,“ Where does man live? 
Does he wish the temperature at 5 or 6 feet above ground or 
at the surface itself? ° Does he wish it in the house or in the 
street; in the plowed field or in the forest; in the lowlands 
and ravines or on the highlands and plateaus; in the cool 
ocean breeze on the seashore or in the stifling hot air half a 
mile inland?” Evidently, there can be no restriction. The 
temperature of any special locality is of interest, but only 
when we are studying the phenomena of that locality. Even 
the reflected heat from a sandbank in the sunshine becomes 
of importance when we are studying the human life and the 
plant life that are subjected to it. 

It was never supposed that the so-called regulation or stand- 
ard instrument shelter would give us the temperature of the 
air at any of these special localities; thermometers placed 
therein give us very little idea of the nocturnal minimum 
temperature of the surface of leaves of grass and low tender 
garden vegetables, nor yet of the midday maximum tempera- 
tures of the surface of the soil. Special thermometers must 
be placed in special localities if we wish to know accurately 
these local temperatures. Thermometers whose bulbs are free 
to give and take radiant heat give us very little idea of the 
temperature of the air in contact with them because radiant 
heat passes through the air without affecting it very much, but 
it does affect the temperature of the bulb of a thermometer 
by nearly its full amount. It is, therefore, very nearly cor- 
rect to say that a thermometer in the air indicates the aver- 
age temperature due to the radiation between it and its mate- 
rial inclosure. If it is entirely surrounded by a shelter it 
gives the average temperature of the inside surface of that 
shelter. If its inclosure consists of grass or soil below it, 
trees and houses around it, clouds and blue sky above it, then 
the radiation between it and each of these affects it in pro- 
portion to their temperatures and the solid angles they sub- 
tend at its center. It would require a very strong wind ora 
violent whirling of the thermometer to produce enough con- 
vection of heat between it and the air to enable it to indicate 
a temperature that is even approximately close to that of the 
air. The so-called ventilation of the thermometer is the first 
essential in getting the temperature of the air and the cutting 
off of all noxious radiation is the next essential. As was ex- 
plained in the Editor’s “ Treatise on Meteorological Appara- 
tus and Methods,” page 80, “ The thermometer should neither 
give heat to nor receive heat from any object that has a tem- 
perature differing from that of the external air. When the 
thermometer is surrounded by a screen and fresh air is drawn 
into the screen, or blown in by the wind, it should show no 
change in temperature. When a thermometer is whirled rap- 
idly in the free air, near the shelter, and at the same time 
protected from noxious radiations, it should give the same 
temperature as the thermometer within the screen.” There 
are but two practicable ways of getting the temperature of the 
air at any given spot, viz, (1) let the thermometer be screened 
from radiation by placing it within one or two thin metallic 
tubes, and then whirling the whole combination rapidly, or 
(2) let the thermometer and screens be stationary and the 
air drawn rapidly over its surface and through the screens. 

The temperature of the air is a very different matter from 
the temperature of a surface, whether it be a surface of soil, 
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rock, water, leaves, the human skin, or the outside surface of 
the clothing. The temperature shown by an accurate ther- 
mometer is always the average temperature of its bulb, but 
we are ourselves liable to make a mistake in assuming that 
this is also the temperature of the object that we wish to 
measure. 

It is claimed that the nocturnal minimum temperature, as 
recorded within a shelter, is always higher than the real min- 
imum temperature of the air, because the shelter retains the 
heat that it acquired during the day, and that therefore, the 
minimum thermometer should be placed outside the shelter, 
with a mere canopy above to prevent radiation to the clear 
sky. Butif the shelter is properly made the heat of its top 
and sides, warming the cold air in contact with them, will 


* cause the latter to rise, drawing in fresh air from all sides; 


if this indraft is strong enough it will keep the thermometers 
down to the temperature of the air, if it is not strong enough 
it must be increased by artificial aspiration or by whirling 
the thermometer; therefore, the Weather Bureau shelter, 
like that of all other modern meteorological offices, combines 
ventilation with screens that shelter from noxious radiations. 

We regret very much that these modern improvements are 
too expensive to be provided for every important voluntary sta 
tion. In this respect, however, all the world is on the same 
plane, and observers everywhere have to content themselves 
with the reflection that, although the maximum temperatures 
may be too low and the minimum too high, yet the average 
temperatures of the day, the month, and the year will not be 
very erroneous. Meteorology arid climatology have not yet 
attained to that development as exact sciences that they can 
afford to dispense with the faithful work of an honest ob- 
server, even if there be small systematic errors in his work. 
Of course, those who can give us some idea of the amount of 
these errors, in their own individual cases, will contribute by 
so much to the advancement of exact knowledge. 


—> sa 
FAKE STORMS. 


Mr. John F. Smith, Jr., voluntary observer at Jasper, Ham- 
ilton County, Fla., reports that no storm occurred in that 
neighborhood during the current month corresponding to the 
one described in a special telegraphic dispatch published in 
a Cincinnati paper of July 19. Something like Farmer Har- 
vey’s race with a tornado may have occurred at some other 
time and place, but as it stands the record seems to be a hoax. 

Meteorology is peculiarly liable to be troubled by the inev- 
itable errors of observers, but it is greatly to be regretted that 
any one, in seeking to hoax the public, should not also send 
the Weather Bureau at least a word of caution. We rely so 
implicitly on the good faith of the press and of both regular 
and voluntary observers, that it troubles us to realize that we 
are liable to be taken in by such unblushing deception. Mr. 
Smith kindly suggests that the tornado in question may have 
happened in the neighborhood of Jasper, Walker County, Ala. 
(or, possibly, Jasper, Pickens County, Ga.), but we fear that 
it is not worth our while to make further search after this 
will-o’-the-wisp. 

Whenever similar inventions appear in the daily press, we 
should be glad to have the local voluntary observer commu- 
nicate directly to us a refutation of the misleading statement, 
in order that such romances may not unwittingly be quoted 
as belonging to the annals of science. 

—_> > eo 


THE PRACTICAL UTILIZATION OF LIGHTNING. 


If the study of atmospheric electricity is of general inter- 
est to meteorologists, then they must take an equal interest 
in its practical application to the wants of man. Franklin 


wrested the thunderbolts from the heavens, but no one has 
yet harnessed them to useful work. The telegraph and the 





telephone, the electric light and electric motors, illustrate our 
control of artificially manufactured electricity, but the 
natural article in its native state is still a terror to man, or 
an annoyance. For a generation past there have been innu- 
merable schemes for the use of ground currents in teleg- 
raphy and aerial currents in telephony. The daily press an- 
nounces that quite recently an inventor at Worcester, Mass., 
has perfected mechanism by which he can actually discharge 
a bolt of artificial lightning and control its direction, and 
again, we are told that “several experimentors are already 
employed in devising a plan for gathering and stcring atmos- 
pheric electricity which may be employed for lighting, heat- 
ing, and motor power.” 

A still more hardy inventor of the highest scientific attain- 
ments has arranged a trap to catch electro-magnetic waves 
from the sun, or other heavenly bodies, and although he has 
caught nothing, yet the idea is still held to be scientifically 
correct. 

The fact is, however, that the natural electric and mag- 
netic forces at the earth’s surface are so vastly inferior to the 
forces of gravitation and solar heat, wind pressure, water- 
falls, and even tidal rise and fall, that man can not profita- 
bly experiment with natural electricity while these greater 
forces are running to waste. 
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MOUNTAIN STORMS. 


Referring to Mr. Struble’s article on “ Peculiar Mountain 
Storms,” in the Monraty Weatuer Review for May, 1897 
(Vol. XXV, p. 212), Mr. A. D. Elmer, voluntary observer at 
Northfield, Mass., states, under date of July 31, 1897, that— 


In the American Meteorological Journal for August, 1895, Vol. XII, 
p. 127, there will be found reprinted from the New York Tribune an 
account of local winds and clouds at New Lebanon, N. Y., which also 
may be considered as a perfectly reliable description of what obtains 
also at Northfield, Mass., under the same conditions, except that as the 
decline from the ridge of the eastern hills, over 1,500 feet above sea 
level, to the Connecticut River Valley, 200 feet above the sea, is less 
than the Taconic decline or the Laurel Hill decline in Pennsylvania, 
therefore the gale is not noticeable a mile from the mountain base, 
except in occasional gusts, and is not so strong at the base as to attract 
serious attention, not breaking limbs from trees, but manifesting itself 
from westward by a loud roar; otherwise the conditions in the three 
cases are practically identical, except, I think, by the ‘‘storm rarely 
reaching 6 miles west,’’ Mr. Struble means the gale, etc., for the other 
manifestations of the general cyclone must present themselves there. 
As to explanation, it seems to me that as the chinook manifests itself 
in the same descending tendency, likewise the great guns of a West 
Indian hurricane, it may be assumed that all winds preceding a storm 
center, with falling barometer, represent air that is being forced down; 
therefore they flow down hill with accelerated velocity, similar to 
liquids, as water, ete. (Exception: When the increased temperature 
and lessened specific gravity of the storm current is sufficient to offset 
the pressure from above.) It is to be hoped that observations taken 
in the meteorological region—which is, strictly speaking, not less than 
the general height of clouds—will reveal the present mysteries in major 
part. 

_>2s oe 


LANDSLIDE IN VERMONT. 


We have received from Mr. W. A. Shaw, of Northfield, Vt., 
Weather Bureau Observer, an excellent manuscript map by 
E. J. Hatch, of Warren, Vt., showing the characteristics of 
the great landslide that occurred Wednesday, July 14. The 
previous landslide on record in this region is that of June 
3, 1827, when about 100 acres slid from Fayston Mountain 
down to the valley beneath. The worst flood in the history 
of the valley was in July, 1830, and again July, 1850, and 
October, 1869. The landslide of the present month had been 
preceded by heavy rains, but it seems to have been started 
by the fall of an immense boulder near the top of the moun- 
tain in the northwest corner of Warren township at an alti- 
tude of about 3,890 feet. Simultaneously, another slide 
began at a point a little south of this boulder; the two slides 
joined together after a path of about 100 rods, and the com- 
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bined avalanche continued not only three miles eastward to 
the foot of the mountain, but a mile farther over compara- 
tively level ground. About 120 acres of heavily wooded 
spruce timber went down in the slide, leaving the rocks be- 
hind almost perfectly bare. The average width of the ava- 
lanche was about 20 rods, and at several points at the top of 
the slide it was at least 60 feet deep. In passing over the 
old landslide of seventy years ago, half way down the valley, 
it tore out the logs, rocks, and débris that had been then de- 
posited. The foot of the slide now covers an area of nearly 
a quarter of a mile square, on land that is about 1,300 to 
1,478 feet above sea level, making an actual fall for the whole 
mass of about 2,400 feet. The slide apparently ran down the 
ravine occupied by Clay Brook and landed at its mouth in 
the valley of the Mad River, latitude 44° 8’ north, longitude 
72° 50’ west. 
>_> <—- 


THE ORIGIN OF THE ST. LOUIS TORNADO. 


Mr. M. C. Walsh, of La Salle Institute, Glencoe, Mo., under 
date of December 31, 1896, says: 


I saw the formation of the tornado, May 27, 1896, which went into 
St. Louis from the southwest. Two long, heavy black masses of cloud, 
one moving from the southwest, the other curving from the northeast, 
having been drawn away from a column moving in a northeast direc- 
tion, met at the height of about 1,000 feet over the plain, in front of 
Glencoe; there was a great tossing, the southwest column plainly bel- 
lying into the one from the northeast; a whirling was soon discernible; 
its rapid motion was seen from the small white masses of vapor that 
were thrown off and which seemed to be trying to catch on; presently 





the inverted funnel with the long, black, rugged tail appeared, and 
then the whole mass moved off northeastward, leaving a heavy bank 
of white connected clouds in the southeast, the only remnant of the | 
great black mass that had come from the southwest. I said, ‘St. Louis 
will catch it now.”” The whole black mass was whirled away with the 
greatest rapidity. The twister got to the ground near Kirkwood, on 
the Southern Pacific Railroad, about 14 miles from the place of its 
formation. 
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FROST FORMATIONS. 


A letter from Prof. E. E. Hand, of the South Division High 
School, Chicago, Ill., referring to the Monraty WEaTHER 
Review for May, page 213, says: 

I had made various observations on the forms which Mr. Valerio so | 


graphically describes, while I was teaching at Kuttawa, Ky. I have | 


never found any one who has seen them nor any reference to them in) 
print, 80 I have been unable to determine whether we had here a) 


wroblem in biology or meteorology to solve. My conclusion was, since | 
{ found the frost ribbons only on the dittany (Cunila Mariana), that 
there was some peculiar exhalation from this herb that froze as i 
came out. Of course I may be wrong, as my observations were limited, | 
and I have never seen it in Illinois. I shall be pleased to hear from 
other observers on the subject. 

In addition to the previous references to articles in the 
American Meteorological Journal, perhaps the most inter- 
esting reference is to the article by Prof. John Leconte, pp. 
20 to 34 of the Proceedings of the American Association for 
the Advancement of Science, Vol. II], March, 1850. Accord- 
ing to him these interesting frost formations occur on a large 
variety of plants, and can hardly be considered as biological 
phenomena, The explanation given by Professor Leconte, 
in connection with that suggested by the Editor in the Ameri- 
can Meteorological Journal, Vol. LX, p. 523, April, 1893, will, 
it is hoped, serve as a starting point for laboratory experi- 
ments and the complete elucidation of these frost formations. 
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MEXICAN CLIMATOLOGICAL DATA. 


Through the kind cooperation of Sefior Mariano Barcena, Di- 
rector, and Sefior José Zendejas, vice-director, of the Central 
Meteorologico-Magnetic Observatory, the monthly summaries 
of Mexican data are now communicated in manuscript, in ad- 
vance of their publication in the Boletin Mensual; an abstract 





translated into English measures is here given in continua- 


tion of the similar tables published in the MontHty WEATHER 
Review during 1896. The altitudes occasionally differ from 
those heretofore published, but no reason has been assigned 
for these changes. The barometric means have not been re- 
duced to standard gravity, but this correction will be given at 
some future date when the pressures are published on our 
Chart IIT. 

Mexican data for July, 1897. 
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CLIMATOLOGICAL DATA FOR JAMAICA, W. I. 


Through the kindness of Mr. Maxwell Hall, of Montego 
Bay, Jamaica the meteorological service of that colony has 
acceded to the request of the Editor for the prompt commu- 
nication of an abstractof the very interesting climatological 
records of that highly important West Indian station. The 
climatological summary for July, 1897, furnished by Mr. Hall 
through his assistant, J. F. Brennan, of the Meteorological 
Oflice, is reproduced in the following table. 

The stations Kings House, Hope Gardens, and Stony Hill 
Reformatory are near Kingston, and are not supplied with 
mercurial barometers. The barometric pressures, as given for 
these Jamaica stations, are reduced to the standard instru- 
mental temperature (32° F.) and standard gravity (latitude 
45° and sea level), and all except Hill Gardens are also re- 
duced to sea level. The thermometers are exposed in Steven- 
son screens, and their readings have been corrected for instru- 
mental errors. The wind movement is measured by Robin- 
son anemometers, assuming the factor 3. The amount of 
cloud is given in tenths of the whole sky; the lower clouds 
are for the most part fracto-stratus; the middle clouds, cumu- 
lus; and the upper clouds, cirrus or cirro-stratus. 

The observations at 7 a.m. and 3 p.m. at Kingston and 
Hill Gardens are also communicated in detail by Mr. Hall, 
but are not published at present, although eventually this 
may be done, as Hill Gardens is, like Blue Mountain, an in- 
teresting mountain station, for comparison with its near 
neighbors, Castleton Gardens and Kingston. If a mountain 
summit station can be obtained this also will be published. 
Many details with regard to the climate of Jamaica will be 
found in Mr. Hall’s contributions to the official handbook 
published by the Government of that island in 1881. 

The important mutual relations between the meteorology 
of the West Indies and the southern portion of the United 
States must stimulate the study of these records from 
Jamaica. 
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Jamaica, W. I., climatological data, July, 1897. 
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For the summit of Blue Mountain at an elevation of 7,423 
feet, the rainfall for July is 5.15. 

In a note on the “Jamaica Weather Report for the month 
of June, 1897,” Mr. J. F. Brennan shows that on the average 
for the whole island the rainfall for the current year has been 
as follows: 
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EARTHQUAKE-PROOF BUILDINGS. 


The great anxiety felt by those who live in countries sub- 
= to earthquakes has stimulated the application of our 

nowledge of seismology to the construction of buildings that 
shall be approximately proof against injury from earthquakes, 
The idea that it was possible to do this was defended by the 
English engineer, Mallet, who published a work on the dynam- 
ics of earthquakes in 1846, and whose views became espe- 
cially popular after his elaborate report on the Neapolitan 
earthquake of 1857. He showed that the destruction of brick 
or stone buildings depended upon the way in which the elastic 
wave of compression issued from the crust of the earth, or 
rather upon the way in which the base of the building moved, 
while its top, by reason of its inertia, resisted motion. Of 
course the strain broke the building in its weakest joints, 
usually those of poor mortar, but often the weaker stones. 
From the cracks in the building, Mallet attempted to deter- 
mine the nature of the shock and the origin of the earth- 
quake, which he generally located between 3 and 10 miles 
below the earth’s surface. Mallet established certain princi- 


ples according to which buildings may be constructed, so that 
they shall be able to resist any shock that is likely to visit 
them, and his views have been applied to the construction of 
lighthouses, customhouses, and other important buildings. 
But since those days American engineers have devised a new 
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style of building that was entirely unthought of in Europe 
twenty years ago, so that we now have four principal types 
of tall buildings that can withstand the ordinary shocks of 
earthquakes, viz: 

1. Buildings of wooden or bamboo framework, where the 
parts are so bound together that the whole can sway to and 
fro like the masts of a vessel at sea. 

2. Most solid masonry walls, whose bases are much broader 
than their summits, the walls and joints having a slope such 
that the emerging blow of the earthquake shock is likely to 
strike the joints at a safe angle. 

3. Those in which the walls merely support their own 
weight, while the floors rest independently on their own 
columns of brick or, still better, of iron. 

4. The so-called steel balloon frame, of steel columns and 
beams and girders, whose panels are filled in like a wall of 
brick or stone and whose floors are of brick and cement. 
The steel beams and columns are bound together as firmly as 
is the wooden framework in class No. 1, and the whole sways 
to and fro like an elastic mass. 

—_~ << oe 


THUNDERSTORMS IN FRANELINVILLE, N. Y. 


The Editor has received from Dr. John W. Kales, voluntary 
observer at Franklinville, Cattaraugus Co., in western New 
York, the following description of the remarkably numerous 
thunderstorms that occurred in that region during the cur- 
rent month, and which seems worthy of record as illustrat- 
ing one extreme feature of our climate : 


The month of July was remarkable for the number of thunder- 
storms, excessive rainfall, high temperature, and damage caused by 
lightning. 

The station is in a valley surrounded by hills from 400 to 600 feet 
high. It is 1,598 feet above sea level, in latitude 42° 20’ N., longitude 
78° 20 W. The valley is about 14 miles wide (in fact an old lake bed) 
30 miles long, and extends northeast by southwest. An elevated pla- 
teau, about 500 feet high, lies southwest. The prevailing winds are 
southwest. The thunderstorms occurred as in the following table: 
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Of the fifteen thunderstorms that of the 5th was remarkable. It 
appeared to form in the hills to the southwest. Enormous masses of 
black clouds formed, thunder rolled without cessation and shook the 
hills. Streams of lightning played along the crests of the hills for 
miles. At5 p. m. a flash extended across the southwest horizon more 
than 90°. This flash of lightning injured 3 persons at Ischua, 6 miles 
distant; killed a child at Sugartown, 6 miles distant; and wrecked a 
dwelling at Ashford, 10 miles away. These three places are in a line 
extending across the elevated plateau. 

On the 11th another thunderstorm formed in the hills west of the 
station, and at 3 p.m. came through ‘the narrows’’ (an opening in 
the hills half a mile west of the station), where it developed into a 
tornado. Here a strong southwest wind caught the storm and swept 
it up the west side of the valley in plain view. The loud roar was 
plainly heard as the wind swept along the hillsides. Lightning fired 
a barn, burned another, knocked a chimney off a house, and shivered 
trees. The wind uprooted trees in its course, and changing to north, 
drove the storm down the valley again. At 2p. m. on the 19th a dark 
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3p. m. a terrific peal of thunder, without visible lightning, occurred. 
This was followed by rain. In twelve minutes 0.51 inch of rain fell. 
Then a second peal of thunder occurred, not as loud as the first. The 
rain ceased, and in a few moments the sun was shining in noonda 
splendor. On the 20th a black cloud formed in the north and a simi- 
lar cloud formed in the northwest. These clouds met on the hills 
west of the station and 450 feet above it (measured by barometer). 
When they met, hail commenced to fall, at 3 p.m., and continued 
about half an hour. The hail lay inches deep on the ground and re- 
mained into the night. Some people gathered hail by the pailfull and 
froze ice cream with it. This hail and that of the 11th damaged grow- 
ing crops and thrashed growing peas. During a residence of thirteen 
years I have not observed a similar month of thunderstorms, and have 
no desire to see it repeated. 


>< a 
RECENT EARTHQUAKES. 


On June 20, 1897, at 8:30:29 a. m., at Port au Prince, an 
earthquake shock. At first a horizontal stroke coming from 
the east, and two seconds afterward a stroke from the north- 
east, lasting three seconds. After an interval of two seconds a 
nearly vertical shock occurred, followed by another of the 
same character but less intense. At 8:51:30 a last feeble, 
horizontal shock came from the north. Small movements of 
the earth were indicated by the Bertelli tromometer until 9 
a.m. The preceding data are taken from the curves traced 
by the Cecchi seismograph and are communicated by Dr. P. 
J. Scherer, director of the observatory at Port au Prince, 
Hayti, in connection with his meteorological report for this 
month. (The observatory is located at N. 18° 34’, W.71° 21’; 
altitude, 37.20 meters. ) 

July 25, Castle Pinckney, slight. [This may be the same as 
the following.—Ed. | 

July 26, San Francisco, 5:40 p. m. (8:40 eastern time) a 
sharp, short, and heavy earthquake, preceded by a low rum- 
bling sound. No damage is reported. At the Weather Bu- 
reau office, in the Mills Building, Mr. A.G. McAdie registered 
the time as 5:40:35; the trembling lasted about two seconds; 
the motion was apparently in a vertical direction. 


2 < o 
KITES AT THE CHICAGO CONFERENCE, AUGUST, 1893. 


In previous pages of the Monruty WeatHer Review the 
Editor has collected a number of items illustrating the early 
use of the kite for meteorological investigations. The recent 
development of this subject can, probably, only be written 
after searching through many popular and technical jour- 
nals. In order to assist our readers, and to complete our col- 
lection of data on this subject, the Editor will occasionally 
review the items published in some of these journals. 

The International Conference on Aerial Navigation, held 
in Chicago, August 1-4, 1893, under the auspices of the Co- 
lumbian Exposition, seems to have originated in a suggestion 
by Prof. A. F. Zahm, of Notre Dame University, in Terre 
Haute, Ind., and forms an important epoch in the history of 
the use of the kite in America. The proceedings of this con- 
ference were published in a series of papers appended to the 
American Engineer and Railroad Journal, but which also 
appeared separately, as Vol. I of Aeronautics, a proposed 
periodical which, however, stopped with No. 12 of that vol- 
ume, which was published in September, 1894. They were 
rearranged and printed in a volume of proceedings, in 1895. 
The conference, and the wide publication of its proceedings, 
owes its success largely to the devotion of the famous Engi- 
neer, Mr. Octave Chanute, of Chicago, who was chosen chair- 
man, and Prof. A. F. Zahm, who was chosen secretary of the 
committee, to organize and carry out the project. 

The attendance at each session comprised about 100 persons who 


seemed to take great interest in the ——— and discussions 
brought out several investigators who had been studying the subject or 


trying interesting experiments without making it publicly known. 





cloud formed in the southeast and passed directly over the station. At}; The following items referring to kites are taken from Vol. 


I of Aeronautics; the rest of that magazine is mostly occu- 
pied with discussions relative to flight by birds and aero- 
planes, the pressure of the wind on inclined surfaces, and 
other correlated matter. 

On page 43 will be found the memoir of Prof. Langley on 
“The Internal Work of the Wind,” which had been read by 
title in April, 1893, but now in full at this meeting of the 
International Conference, where it excited great attention 
and discussion. Among the items brought out in the discus- 
sion of this first publication of this memoir were the inter- 
esting communications from Professor Marvin, page 87, and 
Professor Zahm, page 99. 

The gustiness of the wind has been an object of study for 
the past two centuries, but it was reserved for the professors 
of the Weather Bureau to show that, inasmuch as we do 
not measure gusts with an apparatus that has no inertia, we 
must, therefore, attempt to compute the gusts and their 
effects by the use of several anemometers simultaneously 
that differ among themselves only in their inertia. Profes- 
sor Marvin, therefore, had in 1888 devised and constructed 
several forms of light paper hemispherical or conical cups, 
such that the moment of inertia of the revolving mass was 
but a small fraction of that of the ordinary metallic ane- 
mometer. He also introduced the aluminum cups whose 
moment of inertia is quite small. With such apparatus he 
determined the effect of gustiness on the ordinary anemom- 
eter records, both at the City of Washington and on the sum- 
mit of Mount Washington, and deduced the formula and 
tables, published by the Weather Bureau in 1889 and recom- 
mended for ascertaining the true velocity from that indi- 
cated by the Robinson anemometer. These ingenious paper 
cups and the results of Marvin’s work, being known to the 
late Mr. G. E. Curtis of the Weather Bureau, had by him 
been brought to the notice of Professor Langley, who, through 
the Chief of the Weather Bureau, obtained Professor Mar- 
vin’s apparatus for use in his observations, as detailed on 
page 45 of Langley’s memoir. To the present Editor it seems 
that, in order to measure the gusts which affect kites and do 
such great destruction in tornadoes, we must employ either 
the suction anemometer, as was explained in his lectures 
of 1882, and his Treatise of 1887, or the paper apparatus 
constructed by Professor Marvin, and described by him in 
the American Meteorological Journal, April, 1889, Vol. V, 
page 556. In general, the less the inertia of the measuring 
apparatus is called forth so much the shorter and more vio- 
lent are the recorded gusts and variations in the wind—at 
least near the surface of the ground where measurements 
must be taken; but the infinite irregularity of these gusts 
and eddies can best be perceived by watching the flotation of 
motes in the sunbeam in still air, or thistle down and snow- 
flakes in ordinary winds. 

On page 71 Mr. Carl Myers, of Frankfort, N. Y., states 
that— 

I constructed some kites with a flexible backbone and which when 
released would advance relatively against the wind, that is, they 
would not drift back as fast as the wind blew. An account of some 
of these kite experiments will be found in the Scientific American 
Supplement (No. 835) for January 2, 1892. 


On page 72 Prof. J. B. Johnson, of Washington University, 
St. Louis, states his belief that the gusts recorded by Professor 
Langley are not typical, and explains how he has “ tested the 
gustiness of the ordinary atmospheric movements by observ- 
ing the column of smoke from a tall chimney.” 

On page 82 Mr. William A. Eddy, of Bayonne, N. J., in a 
letter dated January 11, 1894, describes the “soaring aero- 
plane kite.” He states that he— 


Had heard of the buoyancy of the malay kite, but was unable to get 
measurements showing its construction, when in 1890 he began the 
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difficult task of reinventing it. He first saw the original type of this 
kite in the Javanese village at the Columbian Exposition in August, 
1893, and then found that, after three years of experiment, he had 
evolved a kite like the original, but with a higher cross stick bent 
backward and downward like a bird’s wing that has completed the 
upward stroke in flying. This last improvement was made at the sug- 
gestion of Mr. Charles L. Flanders, of New York, who had made and 
flown a malay kite at Cape Town, South Africa. The kite at the Java- 
nese village resembled a model which I had discarded because of its 
insufficient steepness in ascending. The malay calm kite will rise and 
remain up in a dead calm layer of air only when the person holding it 
walks at the rate of 2 or 3 miles per hour, but it will reach and pene- 
trate the lower cumulus cloud strata in a 3-mile wind, if flown tandem. 
Usually a calm precedes the moment when the wind is about to sud- 
denly reverse. * * * With the sudden cessation of all wind, the 
malay kite releases its tension upon the string holding it, which then 
hangs straight down beneath the kite. * * * If pulled in rapidly 
in a calm the kite not only reachesthe zenith in a position nearly hori- 
zontal to the earth, but progresses on beyond the zenith, owing to its 
momentum, and then again makes a long descent. * * * The con- 
oe under surface of this kite presents an important condition of aerial 
ight. 


Page 99, Prof. A. F. Zahm, of Notre Dame, Terre Haute, 
Ind., describes the studies made by himself and his brother, 
Prof. J. A. Zahm, of the same university, on the behavior of 
the wind. He constructed a universal anemoscope, whose 
vane was so pivoted on horizontal and vertical axes as to be 
free to point in all directions. The azimuth and angular alti- 
tude of the vane was recorded continuously, together with the 
horizontal velocity of the wind, but finding that the Robin- 
son cups used by the Weather Bureau possessed too much in- 
ertia, he tried the aluminum screw-anemometer constructed 
by Richard Bros., with results similar to those of Marvin, 
Fergusson, and Langley. He says: 


While at the Johns Hopkins University, in the spring of 1893, I em- 
ployed an exploring line to indicate to the eye the waves of a change- 
able air current. It consists of a strong, fine thread, having attached 
to its extremity asmall rubber balloon, inflated just sufficiently to fairly 
float. When paid out in a breeze, the balloon rises and falls with every 
billow, like a cork on the water, and the line itself is bent into waves, 
sometimes of monstrous size, thus enabling one to form a conception 
of the actual billows of the atmosphere. 

I do not mean to assert that the direction of the line accurately por- 
trays the direction of the wind at all its parts, for the pull of the balloon 
tends to straighten the line, but I am sure that it does not give an ex- 
aggerated indication, because the pressure of the wind must always be 
against the concave parts of the line; hence the wind’s course must be 
even more wavy than the line itself. If the main exploring line had 
along its length a number of short branch lines, each tipped with a 
small balloon, the branches would point out the direction of flow in 
their immediate locality. 

After some preliminary tests from the top of the physical laboratory 
of the Johns Hopkins University, during the Easter vacation of 1893, 
I ascended the Washington Monument at Baltimore, where I paid out 
the exploring line at a height of 200 feet. The wind was blowing to- 
ward the southeast at the speed of 25 to 35 miles per hour, and the sky, 
which had remained clear till 3 o’clock, was rapidly darkening, with 
indications of approaching rain. The balloon when let forth imme- 
diately fell to a depth of 30 or 40 feet, being caught in the eddy of the 
monument, then presently encountering the unbiased current, sailed in 
it toward the southeast, approximately level with the spool end of the 
thread. After the balloon had drawn out 100 feet of thread, I checked 
it to observe the behavior of this much of the exploring line. The bal- 
loon rose and fell with the tossing of the wind, but did not flutter like 
a flag, as it would do if formed of irregular outline. Neither did the 
thread flutter, nor do I believe there is ever a ss ina line to 
ony flutter in a current as does a flag or sail. Presently I paid out 

feet of the exploring line, whereupon the waves in the thread be- 
came quite remarkable. The thread, then, asa rule, was never approx- 
imately straight. Sometimes it was blown into the form of a helix of 
enormous pitch, at other times into the form of a wavy figure lying 
nearly in a single vertical plane, and again the entire exploring line 
would veer through an angle of 40° to 60°, either vertically or horizon- 
tally. The balloon would, of course, seldom remain quiet for more than 
a few seconds at a time, but tossed about on the great billows like a ship 
inastorm. Quite usually the billows ¢ould be seen running along the 
line from the spool to the balloon, and, as a rule, several different 
billows occupied the string at one time. 

The observations just delineated, however curious they may be, afford 
no adequate conception of the behavior of the air currents over an open 

lain nor at a great height above the earth, because the Washington 





buildings, which undoubtedly send disturbances to a greater height 
than 200 feet. To supplement these explorations, therefore, I deter- 
mined to have them repeated from the top of the Washington Monument 
at Washington and the Eifel Tower at Paris. 

Toward the latter part of the Easter vacation I again let forth the 
exploring line from the top of the Washington Monument, at Wash- 
ington, ata height of 500 feet. A stiff breeze was blowing from the 
northwest and as the locality is quite free from obstructions every- 
thing seemed favorable for an exploration of the free air. But, unfor- 
tunately, I had not taken into consideration the enormous magnitude 
of the monument and of the consequent eddies surrounding it. Accord- 
ingly, when the balloon was let forth from one of the windows it 
was involved ina large and violent eddy from which it could in no 
manner be extricated. Rising vertically upward from the window to 
a height of some 25 feet it encountered the direct current and sailed 
toward the southeast with great rapidity to a distance of 30 or 40 
yards, then suddenly turned to the right, being caught in a mighty 
whirlpool which sucked it downward through an enormous spiral path 
toa depth of 100 feet, and again threw it upward to the top of the 
monument, thus returning it quite near to my hand. After witnessing 
these evolutions for 10 minutes I was obliged, by the lateness of the 
hour, to return to the elevator without having observed the behavior 
of the exploring line in a direct current. I saw, however, what pre- 
cautions would be advisable to insure the success of a second attempt. 


The above rather long quotation gives us a very beautiful 
picture of the behavior of the vortices in the rear of an 
obstacle, but still fails to tell us to how great a distance 
from the obstacle these influences are felt. In his “ Prepara- 
tory Studies” the Editor has quoted an observation of as 
many as seventeen vertical, cylindrical vortices, arranged in 
a row for several miles to the leeward of a tall chimney, and 
in his **Cloud Observations at Sea,” he has shown how a 
series of clouds, representing the summits of horizontal rolls 
or waves, stretches for 50 miles to the leeward of Green 
Mountain on the Island of Ascension. In attempting to 
send up small hydrogen balloons for the determination of 
the wind velocity at sea, the Editor found that when liberated 
from the deck of a sailing vessel the balloons spent a long 
time entangled in the eddies in the rear of the sails and after 
finally escaping from these pursued an irregular path that 
demonstrated the far-reaching influence of these eddies. 

On pages 106-107 Mr. J. Bretonniére describes the peculiari- 
ties of the wind, as observed by him at Constantine, Algeria. 
This city occupies a deep depression, and a line of high points 
passing through the city forms a barrier against the prevailing 
winds and produces a series of eddies, by means of which he 
was able to explain the flight of birds; great ascending and 
descending currents, as well as deflections to the right and 
left and rotating eddies, both stationary and traveling, filled 
the atmosphere to a height of at least 1,500 feet above the 
ground. Among the numerous detailed examples of local 
currents described by Bretonpiére, we quote the following: 

T saw one day a long and narrow object, resembling a rampled news- 
paper, rise from the point of which I have just spoken, and above 
which some soaring bird had just been ascending. This object rose b 
fits and starts rapidly, in a direct vertical line in which it was suspended, 
with its length vertical. When it arrived at the height of about 300 
meters, it was caught by a horizontal current and carried to another 
point, where it fell swiftly. I think that the oe er occupied 
during its ascension the axisof awhirlwind. * * * Ina few words, 
the greater inequalities of the ground transform the lower layers of the 
prevailing winds into ascending currents, and these, sometimes by their 
mutual reactions or by the action of the generating winds upon them, 
give rise to new currents more markedly ascending, or to whirling 
winds, or to whirlwinds. 


The application of his numerous observations to the flight 
of birds are very full and clear, but do not belong to our 
present subject. 

On page 112 it appears from a review of a work entitled 
Aeronautics, or an abridgment of aeronautical specifications 
filed at the British Patent Office from 1815 to 1891, that the 
aeroplane and its mechanical properties were first clearly 
presented by William 8. Henderson, in 1842. 

On pages 117-120 Mr. E.C. Huffaker, of eastern Tennessee, 

i iber of minute observations on the wind and cur- 


onument of Baltimore stands but 100 feet above the surrounding | gives &@ hun 





312 MONTHLY WEATHER REVIEW. 


JuLy, 1897 








rents around the ridges and hills of that region and their 
connection with soaring flight. 

Page 126, Mr. W. 8. Bates, of Chicago, describes the kite 
used by Capt. Sir Georges Nares to carry a line ashore in case 
of shipwreck. The figures are reproduced from Captain 
Nares’ work on seamanship; and the Nares kite seems to be 
similar in principle to the malay kite. It soars horizontally 
in the air, as if the wind were obliquely upward instead of 
horizontal; it consists essentially of a midrib and two tri- 
angular pieces of cloth, which slope from the midrib back- 
ward, but are kept apart by a cross stick at the rear. 

On page 138 is the famous paper by Lawrence Hargrave, of 
Sidney, N.S. W., and the introductory remarks by A. F. Zahm, 
secretary of the conference. This seems to have been the first 
opportunity that Americans had to see and appreciate the 
cellular kite of Hargrave. These published proceedings 
and a subsequent paper by Hargrave in 1895 indicated the 
superiority of the Hargrave kite over the malay and started 
Professor Marvin in that line of research which is now pro- 
ducing such interesting results for meteorology. The com- 
plete details of Hargrave’s labors during the past two decades 
are published in the Proceedings of the Royal Society of New 
South Wales. A condensed account is likewise given in Mr. 
Chanute’s work, Progress on Flying Machines, and in the 
columns of the American Engineer and Railroad Journal for 
May, September, October, 1893. 

Hargrave’s experiments on the form of the kite were 
originally prompted by the desire to ascertain the best dis- 
position of supporting surfaces in his flying machines. He 
Says: 


The novelty, if any, consists in the combination of two well-known 
facts: 1. That the necessary surface for supporting heavy weights 
may be composed of parallel strips superposed with an interval 
between them (described by Wenham in 1866 and adopted by String- 
fellow in 1868). 2. That two planes separated by an interval in the 
direction of motion are more stable than when conjoined (patented by 
Danjard in 1871). The form which the complete kite assumes is like 
two pieces of honeycomb fastened on the ends of a stick, the stick being 
parallel to the axes of the cells. The cells may be of any section or 
number. The rectangular cells are easiest to make, and if the stick or 
strut between the two cells is placed centrally it is immaterial which 
side of the kite is up. Practically the top or bottom is determined by 
imperfections in the construction. The rectangular form of cell is, also, 
collapsible when one diagonal tie is disconnected. These kites have a 
fine angle of incidence, so that they differ from the kites of our youth, 
which we remember floating at an angle of about 45°, in which position 
the lift and drift are about equal. The fine angle makes the lift 
largely exceed the drift and brings the kite so that t!:e upper part of 
the string is nearly vertical. Theoretically, if the kite is perfect in 
construction and the wind steady, the string could be attached infinitely 
near the center of the stick and the kite would then fly very near the 
zenitl. It is obvious that any number of kites may be strung together 
on the same line, and that there is no limit to the weight that may be 
buoyed up ina breeze. * * * Ifastring of kites gets into contrary 
currents of air the kites and suspended weight may be disconnected 
from the earth and will remain supported, drifting in a resultant di- 
rection, determined by the force of each current and the number of 
kites exposed to it. * * * A kite whose horizontal surfaces are 
curved with the convex sides up pulls about twice as hard on the string 
as one of equal weight and area with plane surfaces. 


On pages 152-153 Mr. William A. Eddy, of Bayonne, N. J., 
gives an account of his experiments with hexagon kites and 
tailless kites. He says: 


In 1890 I began experiments to determine the relation between the 
width and length of the ordinary kite. My object was to evolve the 
best form of kite to be used in raising self-recording meteorological 
instruments to a great height, because many important problems in 
meteorology would be affected by investigations of the upper air cur- 
rents. 

I first found that a narrow kite would not remain well in the wind. 
It made a swift movement downward to the right or left, while a short 
broad kite, if properly weighted with tail, would fly well. It was evi- 
dent that greater lifting power and kite surface could be obtained by 
filling in the points of the well-known six-pointed star kite, thus mak- 
ing a hexagon or six-sided kite. The lifting power and steepness with 
which the string reached up to the kite were remarkable. In certain 





winds this kite might have approached the zenith had not the weight 
of the tail held it back. This lifting power suggested the possibility 
of attaining great altitudes with a large kite. But a very large kite 
must be flown with a heavy rope throughout, while if other kites were 
attached to a main line then heavy rope would be required near the 
earth’s surface only. In putting the lighter line aloft there is an ob- 
vious saving of weight as well as of power to withstand the strain of 
additional kites. * * * The limit of altitude attainable by means 
of tandem kites is yet to be determined. The 1891 experiment con- 
vinces me that if several miles of twine were extended upward into 
space the steep slant of the line could be maintained by increasing the 
size and number of the kites. With 10 miles of line and 50 kites from 
2 feet to 8 feet diameter, an altitude of 4 miles ought to be reached, 
unless the rarefied air should fail to exert sufficient pressure. * * * 
When the tandem strings of kites are flying I have often noticed aston- 
ishing variations in the directions of air currents. Once when a string 
of kites was very high I observed that the upper kites described a 
sharp angle of direction as related to the lower, and when the kites 
were drawn in this sharp angle disappeared as the earth was ap- 
yroached. In case an altitude of 6 miles were reached, this variation 
in current might imperil the main line of kites by carrying all the 
upper ones away from the lower in an opposite direction. The varia- 
tion in air currents may be a serious obstacle at times, but my experi- 
ence during several hundred kite ascensions, both with and without a 
thermometer, is that a reversed current is exceptional if the kites are 
high in the air. I have observed only two reverse movements during 
two years at Bayonne, and these were at the surface. * ed 

In time I think the malay kite will attain an altitude equaling that 
of the highest balloon ascensions at a relatively small cost, and that it 
will remain with its recording instruments several days in the cirrus 
clouds at a height of 9 miles. This may call for many decades of ex- 

veriment. A balloon floats and drifts away and endangers life, but a 
<ite, or a line of them, will remain nearly stationary and enable self- 
recording instruments to give us invaluable data at a great height 
above a local point, and during hours, and possibly days. The law of 
the upper air movements can be mastered only by an incessant waste 
of kites, owing to breakage and loss. At present great heights can be 
reached only during daylight; and if time is lost in adjusting kite tails 
to various wind velocities, then night may come on and the experi- 
ment be further delayed by the necessity of attaching lanterns to the 
strings below the kites. With a strong tandem line of large kites per- 
pendicular cords can be run up to an upper kite and the instruments 
raised and lowered unless the altitude is too great. 

At twilight during July and August I have many times noticed that 
while no wind was moving near the ground, yet the lower clouds were 
moving rapidly. With a long string laid along the ground to the kite I 
have, by walking slowly backward, raised the malay kite to an upper 
current during a calm at the surface. The vertical thickness of a mass 
of sluggish air may be often penetrated, yet when the calm air extends 
to a considerable height it may be difficult to get above it. A rapid 
walk of two miles would doubtless bring success, particularly at twi- 
light in summer when the night winds set in. The vertical thickness 
of calm air may be sounded upward to a great distance by rapid motion 
atthe surface. At night in summer the upper winds are steady, while 
a dead calm — at the surface of the earth; and when the day 
breeze is inadequate, then these evenly flowing night winds are sufli- 
cient. During several years I have not observed a continuous twenty- 
four hours when an upper current could not be reached, as evinced by 
the motion of tree branches. The kites rarely fly in precisely the same 
direction, owing to differences in the angle of inclination. The upper 
currents are revealed by a difference of direction, as compared with 
the direction manifested by the same kite at the ground. In the rare 
vase that any two kites happen to fly exactly alike, they can still be 
maintained aloft by placing one kite a few feet farther away than the 
other, upward along the main line. 

On the nights of June 2 and 3, 1893, a kite penetrated a cloud coming 
in from the sea and remained invisible some time. In August, 1892, 
the kite penetrated a shower cloud for a moment—it faded away and 
then came forth—but as the kite was of paper it was necessary to haul 
itdown. The kite of June 2 and 3 was about 4 feet across, tailless, of 
paper, and rose to a height of about 1,200 feet. The clouds had prob- 
ably begun to descend, but the surface was not foggy until toward 
midnight, the kite having been sent up about sundown. Water drops 
collected on the string near the kite while aloft, but at the ground the 
string was perfectlydry. This kite whilein the air was soaked by mist 
which caused it to slowly descend. 

The success of this tailless kite depends upon its surface being ad- 
justed with extreme exactness. In case too much surface appears on 
one side the kite will fly sideways and work its way out of the line of 
the wind. This can be partly remedied by attaching small weights at 
one side of the kite; but if the surfaces adjoining the central spine are 
too much out of balance, even the adjustment of weights will not make 
the kite fly. 

A further series of experiments with perforated malay kites will be 
carried out during 1894. So far I have experimented i cutting the 
outline of a small kite out of the center of a large one. This lessened 
the wind pressure during high winds and ca increased persistence 
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of movement. Extreme accuracy is called for, however, if a large 
opening in the kite is made, because a mistake of an inch will canse a 
side movement that will carry the kitedownward. The late Mr. C. W. 
Hastings made an important suggestion regarding the management of 
kites in high winds—the kite to be proportionately and_ slightly 
weighted with sheet lead at its center of gravity, thus giving it inertia 
in high winds and resulting in stability. As before mentioned in this 
paper, I tried this method in the summer of 1892, when Mr. Hastings 
visited me at Bayonne, and found it successful. It remains to be elab- 
orated in 1894. * * * In1892 1 read that some Chinamen flew kites 
at the base of Washington Monument, Washington, D. C., with the 
object, I suppose, of using the shaft to measure the altitude of their 
kites. Since the monument is 555 feet high, it would, of course admir- 
ably serve the purpose of a long unit of measurement. But the part 
of their pastime that interested me most was that they cut holes in 
their kites to make the movement steady. It seemed to me that if 
perforation produces steadiness, then the same principle might apply 
to flying-machine planes. 1 experimented with paper planes and 
found that a narrow-pointed plane, if given a convex alee surface, 
might fall in equilibrium if launched with an impetus. But if a long 
narrow piece of paper were cut out of the center, as you might cut the 
bottom out of a boat, and along nearly its entire length, then the same 
plane, if weighted, will glide easily and swiftly through the air in the 
direction in which the firstimpulse is given. As about one-fifth of the 
plane is cut out from the center, it follows that there is a gain in light- 
ness for flying purposes. A small model of this plane was mailed by 
me to Mr. Octave Chanute from New York City on June 5, 1893, 


On pages 153-156 is the memoir presented to the [nter- 
national Conference by J. Woodbridge Davis, in which he 
relates the details of some experiments with kites whieh were 
apparently made in 1892-93 at various points on the coast of 
Rhode Island. His kites generally— 


Consisted of a frame-work of three sticks of equal dimensions, 
pivoted at the center, free to turn on the pivot. They could, there- 
fore, be folded for convenience of transportation. The general outline 
of the kite was that of a sin-neinted star. The actual weight of a 
7-foot kite, with cover and rigging, designed for a 40-mile wind is 6.25 
pounds. This kite will safely bear a wind pressure of 250 pounds; the 
sticks are made of American ash. In order to steer the kite the three 
bridle lines attached to the three arms on the left side of the kite are 
brought to a single point where they are tied to a ring in such a man- 
ner as to be easily changed in length; the three bridle lines on the 
right-hand side are in the same way tied to another ring. To these 
two rings are separately fastened the two flying lines. These flying 
lines are manila cords, tested to bear 350 pounds each, and are paid off 
from two light wooden reels screwed to a platform soled to the 
ground. By properly paying out these lines the kite is made to veer 
to the right or to the left through a deflection of 67.5° either way from 
the direction of the wind. As the tail always streamed out to leeward, 
therefore the kite was twisted around the vertical in proportion as the 
deflection increased. The next improvement was the attachment of a 
third or top line, by which the inclination of the plane of the kite to 
the horizon could be changed. When the top line was drawn in, the 
kite was made to mount to a point almost overhead. By using the top 
line and one flying line, the other being clamped, the kite was made to 
describe curves in the air; it was, for instance, lowered to a point 40° 
or 50° away from the leeward direction where an attendant pinned a 
message to the tail; the kite was then made to rise and travel to 
another place where it delivered the message. Again, it was made to 
drag a buoy and rope line through a strong cross tide, about five- 
eighths of a mile toa pier on Riker’s Island. The top line steadied 
the kite on the same principle as the tail, besides supporting it until it 
could be made self-supporting; the flying lines steadied the kite 
laterally like guy lines, Cashion steering it, so that it could be accurately 
and steadily drawn in or let out through a space in the rigging of the 
vessel scarcely wider than itself. With one line the kite was unsteady 
in its movements; with two lines there was not the slightest tendency 
to lateral oscillation. 


Finally, on pages 166-167 is the interesting paper of Prof. 
Mark W. Harrington, at that time Chief of the Weather Bu- 
reau. The following extracts are of historical interest, as 
bearing upon the use of kites: 


The exploration of the upper air is the immediate requirement for 
the satisfactory advance of meteorology. There is abundant reason to 
think that many of the changes which go under the name of weather 
have their origin at some distance above the earth; and of what oc- 
curs in the cloud layer or layers, our knowledge is insignificant or 
theoretical. * * The method of kites has been studied especially 


by Mr. William A. Eddy, of Bayonne, N. J., and the data which I give 
I owe entirely to his kindness. He uses tailless kites, places them in 
tandem, and recommends that they be flown in groups of three. By 
such means he has already attained heights of 4,000 to 5,000 feet, and 





confidently expects to attain 14,000 feet without serious difficulty. On 
my request that he estimate the cost of carrying meteorological instru- 
ments to this height, he gave me the following estimate, on the basis 
that the line would average an angle of 45° with the horizon, and 
would have to be about 23,000 feet in length. * * * 

Mr. Eddy adds *‘ that in lighter winds, perhaps 50 kites would be re- 
quired, the above estimate applying for winicet about 10 miles per 
hour. All the kites are tailless, and fly at an angle of about 80° from 
the horizontal for the first 300 feet of line out. In case the pull be- 
comes too great for the breakingstrain the lower and larger tandem kites 
can be hauled in. The breaking strain of the cordage must be known 
and the pull at the earth’s surface constantly measured to prevent the 
entire line from breaking away. This is a rough estimate, but is 
founded upon careful experiments during two years. The top kites 
and twine should be laid out the night or the day before, and the line 
should be extended along the ground for several thousand feet. Soon 
after daybreak the top kites should be started up, the top one lifting 
up the next, and soon. The kites will right themselves regardless of 
the position in which they are when lifted by the higher kites. Instru- 
ments should be suspended between two groups of three kites each. 

Three tailless kites will fly when any one of the three will not, in 
very mild surface winds. For safety it would be well to have the kites 
in groups of threes.” 

Mr. Eddy is not ready to give a limit to which kites can be flown, 
but is not without hope that they can be made to reach the cirrus 
clouds. In winds of high velocity the kites must be perforated to re- 
lieve them from too strong air pressure. The tailless kites easily right 
themselves when reversed, alt a tandem series of kites tends to pre- 
vent the jerking which might put the instruments out of order. * ° 

The preceding (three) methods, while they would give highly inter- 
esting and instructive results, would be somewhat imperfect as a means 
of obtaining all the information needed by meteorologists. Much bet- 
ter for this purpose would be systematic work by a meteorologist who 
would make the ascension himself. Evidence points tothe conclusion 
that the cloud layer, and perhaps the upper cloud surface, is a region 
of especial activity in meteorological phenomena, but the facts by 
which such a conclusion could be verified are of such a character that 
they would probably escape any automatic registry. Their record re- 
quires the presence of a trained meteorologist. These observations 
should be systematic, as the sporadic ones are of relatively little value. 
A meteorologist should ascend twice a day to a considerable height, 
and should keep this up through all kinds of weather, and through 
the season. The elevation need not be great, probably the first 20,000 
feet include the layer of air in which the meteorological phenomena 
which we call weather are active. At least the stratum of this thick- 
ness is far more important to us than all the rest of the depth of the 
atmosphere. 

The cost of such a campaign would be considerable, but would vary 
with the material used, the care in using it, the position of the station, 
etc. I think a year’s campaign of this sort could be gone through for 
an expense of $20,000. 

In conclusion, it appears that a year’s campaign could be made in 
the free air at the following estimated cost: 


To 3,000 feet (perhaps) with small balloons. .............- $3, 000 
Te PESOS BiGE WH BAe oo cc cveccctedcrcdseessevecsencace 10, 000 
To 20,000 feet, 52 pilot balloons. 5 000 
To 50,000 feet, 12 pilot balloons. § “""""* °°" CCT" ttt -" 

To W000 feet With SOTOMAME .. 2... cccncceccsveccwsseseswes 20, 000 


The results to be obtained would be cheap at any of these prices, 
but the fourth method seems te be incomparably the best as well as 
the most certain. A year’s campaign of this sort would add very 

reatly—more than any other possible way in the same time—to the 

nowledge of meteorology, and hence to the forecasting of the weather. 
There is no other way, I believe, in which this sum of money could 
be expended to the greater advantage of meteorology. 


After the reading of the above paper it was, upon the 
motion of Mr. D. Torrey, unanimously resolved : 

That it is the sense of this meeting that the experiments proposed 
by Mr. Harrington are likely to prove of public value in forecasting the 
weather, and that Congress should, in our judgment, make the neces- 
sary appropriation to have the experiments made as recommended by 
Mr. Harrington. 


In concluding this review of the state of our knowledge in 
1893, the Editor would call attention to the fact that the malay 
kite and the free balloon were then looked upon as the means 
for occasionally obtaining isolated items of information from 
the upper regions; the world had not then awakened to the 
possibility of the work inaugurated by Professor Moore in 
July, 1895, which looks to the compilation of a daily map of 
simultaneous observations high above the earth’s surface and 
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over a large portion of the United States, for study in con- 
nection with the map of surface conditions. Observations 
of the air at a single station can have but little value com- 
pared with the international balloon work of Europe or the 
extended national kite work of the Weather Bureau. 

In his recent address at Toronto, before the British Asso- 
ciation for the Advancement of Science, Professor Moore 


said : 


For twenty-seven years the forecasters of the Weather Bureau have 
studied the inception, development, and progression of these different 
classes of atmospheric disturbances. From a knowledge personally 
gained by many years service as an official forecaster, I do not hesitate 
to express the opinion that we have long since reached the highest 
degree of accuracy in the making of forecasts possible to be attained 
with surface readings. It is patent that we are extremely ignorant of 
the mechanics of the storm ; of the operations of those vast yet subtle 
forces in free air which give inception to the disturbance and which 
supply the energy necessary to continue the same. Long having real- 
ined this, I determined at once, on coming to the control of the United 
States Weather Bureau, to systematically attack the problem of upper- 
air exploration, with the hope ultimately of being able to construct a 
daily synoptic weather chart from simultaneous readings taken in free 
air at an altitude of not less than one mile above the earth. It appeared 
to me that all previous plans for investigating the upper air, by means 
of free and uncontrollable balloons, by observers in balloons, or by 
isolated kite stations or mountain observatories, were of little value in 
getting the information absolutely necessary to the improvement of 
our methods of forecasting. Simultaneous observations, at a uniform 





high level, from many cooperating kite stations, was the fundamental 
feature of the plan that I inaugurated for the prosecution of this im- 
portant investigation. 

Professor Marvin was assigned to the difficult task of devising ap- 
Jliances and making instruments, and I am pleased to say that we 
ave improved on kite flying to such an extent that apparatus is now 

easily sent up to a height of one mile in only a moderate wind. We 
have made an automatic instrument that, while weighing less than two 
ounds, will record temperature, pressure, humidity, and wind ve- 
poly. By January next we expect to have not less than twenty 
stations placed between the Rocky Mountains and the Atlantic Ocean 
taking daily readings at an elevation of one mile or more. 

We shall then construct a chart from the high-level readings ob- 
tained at these twenty stations and study the same in connection with 
the surface chart made at the same moment. As we shall thus be 
able to map out not only, as now, the horizontal gradients for the lower 
surface conditions, but in addition the simultaneous gradients for the 
upper level, and what is of still more importance, shall be able to de- 
duce from these, for any section of the atmosphere, the simultaneous 
vertical gradients of temperature, humidity, pressure, and wind veloc- 
ity, we may confidently hope to better understand the development of 
storms and cold waves, and eventually improve the forecasts of their 
future course, extent, and rate of movement. * * * It will be a 
fascinating study to note the progress of cold waves at the upper and 
lower levels, and to determine whether the changes in temperature do 
not first begin above. * * * Iam anxious to know the difference 
in temperature between the surface and the upper stratum in the four 
quadrants of the cyclone, and also of the anti-cyclone, especially when 
the storm or cold-wave conditions are intense. * * * The vertical 
distribution of temperature in the several quadrants may give a clue 
to the future direction of movement of the disturbance. 
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METEOROLOGICAL TABLES. 


By A. J. Henry, Chief of Division of Records and Meteorological Data. 


Table I gives, for about 130 Weather Bureau stations 
making two observations daily and for about 20 others 
making only the 8 p. m. observation, the data ordinarily 
needed for climatological studies, viz, the monthly mean 
pressure, the monthly means and extremes of temperature, 
the average conditions as to moisture, cloudiness, movement 
of the wind, and the departures from normals in the case of 
pressure, temperature, and precipitation ; the altitudes of the 
instruments, the total depth of snowfall, and the mean wet- 
bulb temperatures are now given. 

Table Il gives, for about 2,400 stations occupied by volun- 
tary observers, the extreme maximum and minimum temper- 
atures, the mean temperature deduced from the average of 
all the daily maxima and minima, or other readings, as indi- 


cated by the numeral following the name of the station; the | 
total monthly precipitation, and the total depth in inches of | 


any snow that may have fallen. When the spaces in the 
snow column are left blank it indicates that no snow has 
fallen, but when it is possible that there may have been 
snow of which no record has been made, that fact is indi- 
cated by leaders, thus (....). 

Table ILI gives, for about 30 Canadian stations, the mean 
pressure, mean temperature, total precipitation, prevailing 
wind, total depth of snowfall, and the respective departures 
from normal values. Reports from Newfoundland and Ber- 
muda are included in this table for convenience of tabulation. 


Table LV gives detailed observations at Honolulu, Repub- | 


lic of Hawaii, by Curtis J.“Lyons, meteorologist to the Gov- 
ernment Survey. 

Table V gives, for 26 stations, the mean hourly tempera- 
tures deduced from thermographs of the pattern described 
and figured in the Report of the Chief of the Weather Bureau, 
1891-92, p. 29. 

Table VI gives, for 26 stations, the mean hourly pressures as 
automatically registered by Richard barographs, except for 
Washington, D. C., where Foreman’s barograph is in use. 
Both instruments are described in the Report of the Chief of 
the Weather Bureau, 1891-’92, pp. 26 and 30. 





Table VII gives, for about 130 stations, the arithmetical 
means of the hourly movements of the wind ending with the 
respective hours, as registered automatically by the Robinson 
anemometer, in conjunction with an electrical recording 
mechanism, described and illustrated in the Report of the 
Chief of the Weather Bureau, 1891-’92, p. 19. 

Table VIII gives, for all stations that make observations at 
8 a.m.and 8 p. m., the four component directions and the 
resultant directions based on these two observations only and 
without considering the velocity of the wind. The total 
movement for the whole month, as read from the dial of the 
Robinson anemometer, is given for each station in Table I. 
By adding the four components for the stations comprised in 
any geographical division one may obtain the average resultant 
direction for that division. 

Table IX gives the total number of stations in each State 
from which meteorological reports of any kind have been re- 
ceived, and the number of such stations reporting thunder- 
storms (T) and auroras (A) on each day of the current 
month. 

Table X gives, for 56 stations, the percentages of hourly 
sunshine as derived from the automatic records made by two 
‘essentially different types of instruments, designated, respect- 
ively, the thermometric recorder and the photographic 
recorder. The kind of instrument used at each station is 
indicated in the table by the letter T or P in the column fol- 
lowing the name of the station. 

Table XI gives a record of rains whose intensity at some 
period of the storm’s continuance equaled or exceeded the 


following rates: 


Duration, minutes.. 5 10 16 W 2% 8% 3% 40 4 3 6 8 100 120 


Rates pr. br. (ins.).. 3.00 1.80 1.40 1.20 1.08 1.00 0.94 0.90 0.86 0.84 0.75 0.60 0.54 0.50 


| In the northern part of the United States, especially in the 
colder months of the year, rains of the intensities shown in 
the above table seldom occur. In all cases where no storm 
of sufficient intensity to entitle it to a place in the full table 
has occurred, the greatest rainfall of any single storm has 
been given, also the greatest hourly fall during that storm. 
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Table XII gives the record of excessive precipitation at all located. Within each circle is given the lowest barometric 
stations from which reports are received. reading reported near the center. A blank indicates that no 
reports were available. A wavy line indicates the axis of a 
trough or long oval area of low pressure. 

NOTES EXPLANATORY OF THE CHARTS. | Chart III.—Total precipitation. The scale of shades show- 
ing the depth of rainfall is given on the chart itself. For 

Chart I1—Tracks of centers of high pressure. The roman isolated stations the rainfall is given in inches and tenths, 
letters show number and order of centers of high areas. The when appreciable; otherwise, a “trace” is indicated by a 
figures within the circles show the days of the month; the capital T, and no rain at all, by 0.0. 
letters a and p indicate, respectively, the 8 a.m.and 8 p.m.,,) Chart IV.—Sea-level isobars, surface isotherms, and re- 
seventy-fifth meridian time, observations. The queries (?) sultant winds. The wind directions on this Chart are the 
on the tracks show that the centers could not be satisfactorily computed resultants of observations at 8 a.m. and 8 p, m., 
located. Within each circle is given the highest barometric | daily; the resultant duration is shown by figures attached 
reading reported near the center. A blank indicates that no|to each arrow. The temperatures are the means of daily 
reports were available. A wavy line indicates the axis of a) maxima and minima and are not reduced to sea level. The 
ridge of high pressure. pressures are the means of 8 a. m. and 8 p. m. observations, 

Chart II1.—Tracks of centers of low pressure. The roman | daily, and correspond to Professor Hazen’s system of reduc- 
letters show number and order of centers of low areas. The| tion; the barometer is not reduced to standard gravity, but the 
figures within the circles show the days of the month; the | necessary reduction for 30 inches of the mercurial harometer 
letters a and p indicate, respectively, the 8 a. m. and 8 p. m.,|is shown by the marginal figures for each degree of latitude. 
seventy-fifth meridian time, observations. The queries (?)| Chart V.—Hydrographs for seven principal rivers of the 
on the tracks show that the centers could not be satisfactorily ' United States. 


he i < 


















































316 MONTHLY WEATHER REVIEW. 
Tas.ie I.—Climatological data for Weather Bureau Stations, July, 1897. 
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Wilmington eeseee | 7h 82 BO. 0 j = 9.42 l4 18 34 | nw 1 2 4.9 
Ghanenfog 2c] me ‘i sialee| geet a Ie BE BE Re 
Columbia..... ereesleececs B |. .ccloccesesie nteeeeeeeeees 3 ' . [ross ; | wea 
Augusta. ..... «++. | 180) 89 w. “6 > . } os 36 . rd a a2 
Savannah .... .... mH 63 30. t 0) 3.67\—-28) 34) sw. 12 7 5.4 
Jacksonville ...... | 43) 69 3. 3 | esr ices . | | | 
Florida Peninsula. | } é 3 es rn 2 ; ew. | 11] 10 6.4 
Jupiter ..........+. | 28) 13 | %). 7 | Ses f Ae 7 | nw. | 13 7 eal 
Key West.......056, Zz) 42 wy). -§ >| asluse lales Pe 448 
Tampa...... .....-| 96) 60 ”. 5 | Sees in 
allman | ay (tultos % ne. | 16 12 6.3) 
pO OTe 1,131, 92 30. 0 i< . py aioe is rhe 
Pensacola ......... 56) 78 BO. + 1.0 +5 ; 3 visw.| @ 6 BO 
Mobile .........+++. | Ba] 88 30. + 0.3 7.73 + 1.8 zi) Ss Hi 
n= pila | Gee >=. Tas | 5.31 4+ 0.8 36 | nw. 18 2 3.8 
Vicksburg ......... 24) 65 2.0 t 0.5 4.70 |— 1.8 in. | i 8 5.5) 
New Orleans ...... | Balin 30. + 1.0 od me Een eae 
Port Reds. sesalcndées oa Oeste! Speen Gian t 1.9 2s = $1 sevelersseelec | | | 
‘eat Gulf States. | . : we | eal 6 3.6 
Shreveport ........ 249) 77 29. ma. -< [- re 7 = A yi 4 te 
Fort Smith ......+. 481 63 wv. t 1.5 1.03 & 3.0 | 4 oy 2 nw. 1 6 4.4 
Little Rock........ Son) 71 2. P24 0.00 |— 1.3 9° 278 $2 | se. | 17 0 1.5 
Corpus Christi..... Ww) 42 wy. — 0.2 | owmlees 7 Ons lsein. | ai 124) 
Galveston ......... 4285 Ww. 0.4 sat oo 18 4 ba8 sie | 2 1 3:71 
Palestine .......++- 510) M4 2. 1.8 0.8% |— 1.9 6.296 Mise. | 3 2 3.4 
San Amienle., coeece 74 OS 29. oe 5 30 rs 13 ’ . | 
Ohio Val. & Tenn. . ee oe : I oak 8 
Chattanooga. ...., 762 106 30. 0.1 La 72 = ae $= = 2. } : ~ 
ae... * Sopi190 2 0.9 2 242 |— 1.1 5, 464 35 | nw. | 2 8 4.9 
Memphis...........| 300140 29.5 0.9 4 a re a3 4088 sine. | 8 B45) 
Nashville .......... | 845128 2.4 O11 = pas 43 [r a4 8 342 @\s . 24 10 6.0 
Lexington ......... 989 75 p-] 0.0 | as 5 a } a 5 080 bod ~ 10) 8 51 
Louisville ......... 525 114 29. + 0.6 70 | | = it .¢ oc = ®. | $a jaa 
Indianapolis. ...... v3 14 Ww. + 0-7 | pL 65 re lr 33 | 4787 lee 5 5 3.91 
Cincinnati ......... 628 152 2.4 t 0.4 | er gh it a7 re ol nw. | 12 Bl 48 
Columbus . .......) 8&4 87 29. 2 + 1.2 70 pf ae asl | Pees ele . 18) 352 
Pittsburg.......... S42116 2. -2/+ 1.1 69 sia iret 3 408 at oe | 12 789 
Sanya oy EM 6388 77 2. f i? 69 76 +2 it 23 | | 5-9) 
Lower ¢ Region. . 2 n “eit e 1 6. 
Buffalo...... ....| 768178 29. O + 4:7 | Sica] Sere SS] 2) See ow | Si oe. | it $3 
OSWEEO 66.0 cc cees | 335 76 29. ‘9 + 2.6 ein! an + 3.4) 15) 4)501 2 | aw. | 2 9 5.3 
Rochester ......... 523 81 20. 4.0 + 2.5 | 64 5.81 (4 3.0 8917 2 w. 3 12 5.4 
Brie.......eeeeeees 714 9 | 89. 3.0 + 1.2 r ein| se (tr 74 | © ons lw. | 5 7 4.8 
Cleveland ......... 762 190 wy. 3.8 |+ 2.3 4 ain| amiss | 5 137 a3 | nev. | 23 l 12 56 
Sandusky ......... 629 62 29. 75.6 + 11 4 ~ 7 4 it ‘se ca eis. | 16 344 
Toledo. «22... ...06+ 674 122 29. 75.2 + 0.5 ’ 5 73 .* + oe | | eae s\lw. |2 8 3.8) 
ny OS aos 730 160 | 29. z . 28 68 13 ir He | . | | | 
yper é Region. | 70. “0 ewliteur olen | 54. 
Alpena eeevcccocece 609 61 2. 69.0 + 3.7 ‘ 7 | He t =8 i om . = | - 4 Mt 
Grand Haven...... 628 55 2. 2.4 > 2.7 3 a3 3.04 iM 0.0 | 5 ARS | | 40 | sw. | 30 9 5.5 
Seppe oe te | waitae Ww 76 | 3.514 1.1 | 15 | 6,081 | se. | | 18 43.8 
Port Huron........ 639 70 ZU. 72.4 + 2.6 m4 “0 4.03 ' 1.0 | 5, 239 | 23 | sw. | 30 4 4.5 
Sault Ste. Marie... 624 58 20.90 67.6 + 5.5 ; 79 | a + he | Sees | HE | 341 
OO Sua BF 29.9 74.2 + 1.9 3 73 | an = a8 5 813 29 - 5 9 4.7 
Milwaukee ........ 671 106 29.4 73.2 + 3.8 3 31 398 Lo | o'am2 | lss'w. | 9 3 3.8) 
Greenbay.......... 617 49 29. 73-2 + 3.5 v3 | 3.5 He 8 seo | e i : 6 5.1 
Ps cnctse coccce 702 9% 2v. =? + $3 ao sO te + ee | he ; | 
North Dakota. 70. . r os Oo] 7 4.8) 
Moorhead . ....... 935 4 29. 8! 0.7 + 2.9 i 8.02 HM 41 5 6, 676 % ne. " 3 49 
Bismarck .......... 1,674 16 20.84 70.4 0.0 , He Ht | 5 | Sass ~ ow | orl oe 131 
y i nnay ESE 1,875 15 29. BS =: ; ie eid ies ino? | | op | 
a+ ‘ - ; . Y ’ . eel eee 
Minnea Ra ae oo! GD lece le cccccclocesccs 74.4 -+ 2.6 8 os et + os 2 . 200'| - your : : é's 
St. Paul....... -«» S37 114 104 29.87 73.8 + 1.8 8 65 te o¢ S od Et : aa 
Lae Crosse......sss+ ee coce| TO | TB locccccclecccccclecccces 74.6 + 1.3 S 65 He = a4 | ; ont | 2 3 | te a te 
Davenport......... 509 71 79 2.91 -08 | 77.4 f 2.2 9 68 rt [- ae so | ens |e ie pH 3 3.1 
Des Moines ........ 867 84 88 29.93 — 04) 76.4 + 1.4 31 66 vires eq sees. ie 2-15 aca 
Dubuque .......... 608 49 6 29.91 -06 | 76.0 + 1.7 9 66 ‘= + ‘ellis lee iain is 3 3.4 
Keokuk ....... ... 614 64 78 (29:93 — 08) 783 4 11 9 69 6.75 |+ 2.6 | | sw. | S| w. | 3 a3¢ 
BO ccccee cocceeee 30 87 O 29. 96 -08 | 80.0 + 1.0 31, 72 2.76 '—0.7' 6 425 ' 8. . : 








































































































MONTHLY WEATHER REVIEW. 
































Juty, 1897. 
Elevation of | l. 
instruments 
© 2 |@ 

. |e P 
o¢ Seog 
£2o esses 

Stations. e= ig oieo 
22 of BE 
v \ge2 Ce 
gS Ef ee 
£¢ 25 of 
an “@ea 
a FH ia 
Op. Miss. Val.—Con 
Springfield, Ill..... 644 82 
annibal......... 534 75 
St. Louis..........- 567 111 
Missouri Valley. 
Columbia.........- ne 4 
Kansas City ....... | 963) 78 
Springfield. Mo....| 1,324 100 
Topeka ... .... see eeeeee 8 
Lincoln ... .....- 1,199) 7 
BRR. cocccccccess ,108 92 
Sioux City ........ 1,139, 96 
BETO ccccccccccces 1,460 5O 
Huron ........+ «0+ 1,306 68 
Yankton .........- 1,234 51 
Northern Slope 
Se eae tidied 2,494) 15 
Miles City ........-. 2,372) 41 
Helena ..........-- ,108 88 
Rapid City ........ 3, ‘251 53 
Cheyenne.......... 6,105 58 
Lander ...........- 5,372 2 
North Platte ...... 2,826 43 
Middle Slope. 
Denver ........ +... 5,200 83 
Pueblo .........-- 4,713 74 
Concordia ......... 1,398 42 
Dodge City ........ 2.504 44 
Wichita ........... 1,351 78 
Oklahoma......... 1,218 54 
Southern Slope. | 
Abilene...........- 1,749) 47 
Amarillo .......... 3,691 53 
Southern Plateau. 
Bl Paso... ... «- 767 10 
Santa Fe..........- 6,998 47 
os paceeeucaee 1,076 47 
Beeheeh Cf0008 139 16 
M fiddie Plateau. 
Carson City ....... 4,7 2 
Winnemucca ..... 4,340 59 
Salt Lake City..... 4,344 83 
Northern Plateau. | 
Baker City ........| 3,470) 49 
Idaho Falls........ 4,742 10 
0 ear 1,943 99 
alla Walla ...... 1,018 65 
N. Pac. Coast Reg. 
Fort Canby.... ... 179 10 
Port Angeles ...... 2 | 
PYGht A ..cccccccccclescess 
BORSES cece ceccces. 119 100 
Tacoma .......+. BW esccleccclecesssclesceccelscces ° 
Tatvosh Island.. 86 12 : 
pS SR Harare 39 
Portland, Oreg.... 153 203 21: 
Roseburg.......... 521 56 
Mid. Pac, C’st Reg. 
Eureka ...........-. 64 60 
Redbluff........... 36 OM 
Sacramento ....... 71 106 
San Francisco..... 153,161 
Point Reyes Light. '...... 12 
8. Pac. Coast Reg. | 
PROSE... «0 ccccccess 332) 67 
Los — jeabaed | 330 74 
San Diego ......... | 69) 59 
San Lie Sobiwe.. ae 10 


Nore.—The data at stations having no departures are not used in computing the district averages. Letters of the alphabet denote sember ot days missing from the 


record. *Two or more dates. t Received too late to be considered in departures, etc. 
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Temperature of the air, in degrees 
Fahrenheit. 


| Mean minimum. 


65 
59 
63 


51 


TABLE I. — Climatological data for Weather Bureau Matione, Tuly, 1897—Continued. — 
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Mean temperature 





range. 
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Precipitation, in 
inches. 
|@ 6 | ¢ t 
EB is 2 & 
: f=} 
| oa a?) 23 a 
(58 S56) c= = 
. | 2S BB) BBS 
= | $4 i, = 3 
$13 12 | 
| } Be 
A Als& 7 
Boia 
4.16 4|9 8. 
8.04 9 | 10 8 
3.23 5| 9 8. 
3.20 8 | | 
4.28 6) 8) 
4.29 1| 7 
2.48 3] 6 
3.89 | 3] 5] 
2. 54 8| 6 : 
2.01 7| 9 is 
2. 26 0| 6 
3.79 6| 6 
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3 10 
1| | 
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2.00 0.3) 5 
2.16, 0.0) 9 
1.58 0.1 
2.89 1+ 0.8) 7 
2.85 4+ 0.1 | 14 
0.59 — 0.3) 3 
T. |\—0.1/) O 
0.36 + 0.1 | 
0.31 |4+ 0.1) 8 
0.08 |\— 0.1) 1 
0.69 + 0.2) 5 
0.56 0.0 | 
0.24 |— 0.4 | 2 
0.20 |— 0.2 
0.98 |4+ 0.3) 9 
0.84 |4+0.5 | 4 
1.23 |+ 0.3 | 
1.21 |+ 0.1 | 14 | 
0.88 + 0.5) 8 
0.90 + 0.1 6 
> ee | 9 
| 4 eee vi 
3.11 |+ 1.0 | 12 
1.66 + 0, i) 
0.65 +- 0. 6 
0.3 \— 0. 5 
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Pune II. —Macorslgia record of voluntary and other cooperating observers, July, 1897. 





























Temperature. 
(Fahrenheit.) 
Stations. F f 
a | & 
Bilgig 
7/8/8 
= = a 
| 
Alabama e | 0 | o 
Alcot......+ abbsouesesons 100| 57 | 81.7 
SEP cvcvtansesnses | 106) 54 | 81.3 
Bermudat.........-- v+-| 98] 88 | 81.2 
Birmingham..........+-- | 59 | 82.0 
PP scccsqsdes esses 98 66 | 81.6 
Bridgeportt ....... EE SR SS Roney 
Citronellet .....eeceeecee| OW 66 | 82.5 
Clanton ft ...... scccccccee 9% 58 | 80.8 
Daphnet.......scesseeees 98 | 61 / 82.8 
Decaturt ...... cseseesees| 105) 84 | 79.7 
Demopolis. .......+++ cvcsleccees Jeccce Joccces 
BIDS Pe .ccccccccccccvcces 05 7 | 80.6 
Eufaula at........-000 | 101 56 | 81.9 
Evergreen t ......+++0++- | 96 65 | 82.0 
Florence «t.....+++y+++++ peccectooese feocee 
Florenwe dt.......- Fusead 103 56 | 81.4 
Fort Deposit t ..........| 101 61 | 83.9 
Gadsden ...... 5.005 eeee) 108 55 | 82.8 
Good water t «...66.0+- | 102 58 | 81.5 
Greensboro? ...... 6.66 oN 60 | 81.2 
Hamilton. ....... 6666 60! 100 52 | 80.0 
Healing Springst.......- 99 57 | 80.4 
op Home ¢ ......- | @ 65 | 82.2 
Lock N Sra A7 | 80.7 
Madison ‘Station Osvcecss | 108 64 | 77.7 
Maple Grove .........+++ 103 Ah) 76.0 
i dnepene ances yetes | 99 64 | 82.7 
Mount Willingt ......... | 100] 52/ a2 
Newhbernt ....... 600000. | 65 | 82.3 
Newburg ........... ses} 1084) 504) 81.64 
MOTIORT ccc ccccccecsces 100 5 80.8 
Opelikat .........ce06 + 100 5B | 82.5 
eee i) | of 55 | 77.7 
Pineapple ........+-- esse! 101 57 | 82.5 
Pushmatahat....... vee] 10D] 60) 82.4 
Riverton f .. «6.6 cceeeeene Lgennatecones [eccees 
Rockmills f........-.++-| 55 | 77.8 
Scottsboro ft ......-- Petes. 105 4 | 79.8 
PM ceseseenctsedsees 102 62 | 82.7 
Talladega *! .......... | © 60 | 79.4 
TD cose cebens ene+Sleaece Ieocsacelescoes 
Tuscaloosat...... ecvcces | 102 64 | 82.6 
Tuscumbia ..........+---| 108 58 | 82.1 
ON | 104 i | 81.9 
Union Springst..........| 98 61 | 83.0 
Uniontown? .........++- | 97] 64) 83.3 
Valleyhead......... cosoel | 53 | 76.8 
DT : sche Ghigsnededadtbeubastbensusiiolin wx 
Wetumpka .......... coos! 100 59 | 83.4 
Wilsonvillef ........ Santhrdnsdiinanendiesseds 
Alaska. 
RE | @6| 42] 52.29 
Arizona, 
Amtelone VAlIGF 2.02 ccccleccccclecccccleccess 
BUSES Tc cce coccccce voce | ge 57 | 75.4 
Buckeye? ........6.0055 | 108 64 | 87.0 
Calabasas ..........005. Os nS | 70.4 
Casa Grande *®® .......... | 115 75 | 93.8 
Cedar Springs........... ioeonaclesagee maeeaes 
CONBTESS «... 6. «eee cose] 102 55 | 88.3 
Dragoon .. eS. Bod Cin! Sacre 
Dragvoon Summit ** Ocsaee | 99 70 | 83.3 
Dudleyville ............. 103 60 | 82.0 
Farleys Campf.......... | 109 68 | 80.5 
Flagstaff t...........++5- | 88 4 | 72.0 
Port Apache.........+.++ | 49 | 74.0 
Fort Defiance...... ..... | go! 38 | 66.8 
Fort Grant t...... 56.6.5 | 59 | 77.0 
Fort Huachucat........| & S7 | 75.4 
Gilabend @** .......666.. | 100 81 | 97.0 
GED = suse cccccccosecees 108 41 | 82.3 
SED -conees covse sees Ww 683 | 87.8 
Pn! ccocgeveseeent O68 44 | 73.3 
EPC seccciee coeee | @O°| 63°) 74.5 
Maricopa®®.......... «..| 114 78 | 93.9 
i icede tek ente bobs 110 68 | 9.4 
Mount Huachuca ....... 93 58 | 75.4 
Music Mountain .... .« | 110 55 | 86.6 
SE ED coveccccelesesselecaces RAS 
GIRGIOR csccescccccccesss 98 | 63 | 80.7 
GID cece cccccecccccccccccelcccccclecccccloosces 
SD ED ccccccccee cess 100 61 | 90.6 
I ch cinnicn bea 100| 67 | 82.0 
PRGGOR ccccccccccsccccccslecces rrr ote 
iris nied ween 107 | 69 89.8 
PRGBTEE cccccccccces ° 106 62 | 86.8 
PD ME asccccesccecloccessicccess ead 
Reymert ¢ ©......... cose] 112] 67 | 91.4 
St. Helena Ranch .......) ..... lopeens Rianewd 
San Carlos. ........ 109 | 62) 85.4 
San Simon**............| 108 65 | 78.8 
GE case coscecesone: AS Se 
BUSROI? ccccccccccccccocce! 199 65 | 90.6 
PI accnes cusetecs gz 42 | 71.8 
Sulphur Spring gt eee Bea |: cake 
Texas Hill **.............! 118 83 | 95.3 





Precipita- 
tion. 
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snow. 
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| Temperature. 
| (Fabrenheit.) 
Stations. bs 
|e | &§ 
|S 8g 
|3\8/8 
= = = 
Arizona—Cont’'d. ° ° 
Tombstone ........++ «++ 95 62. 77.8 
UL esccesce+cee skeweeke 103 43 75.4 
FRGHSR ED «cccccccece oe 103 65 | 87.2 
WS GD cc ccccccccclcceseslossvcclescces 
Walnut Ranch*t!......| 57 | 72.8 
Whipple Barrackst . oF 46 | 72.2 
SEO? eccccescnaccoes : oe 70 | 81.7 
Williams ........ éinnbinel 7] 40 68.0 
A rkansas. | 
BMMEEY 2 ccccccccccccecces 100 56 83.1 
Arkansas Ge Ge csccccccclccccaslessccslescees 
Beebrancht .........+--- yg! 55' 78.8! 
SEER DE SS AO 
Blanchard Springst..... 99 57 | 82.6 
ECE cccccecccesco cece 102 56 (81.8 
SNEED ccncceuccacevelavinantesussalanenes 
Camden /t ...... éoeéeees 102 MM s82.0 
ND Pec ceacascece cee 104 55 81.5 
CONWAY «cn ccccecccccees 107 59 84.6 
GOES ccovccccescesses 102 MM 81.0 
TT cesccnunceses onus 102 56 83.3 
EDs c66cbccccecasiccnas leesenutnuxtes 
DEE Penensevecetetacckes« 102 55 | 82.2 
Fayettevillet ........... yw 52. «79.8 
PPTGG ccunsececesss wl MS O83 
PRISE? cccces cevces a en Re Pee 
SEED a ccoccvcces covciesscestecincalescces 
DMs isccaecescdenses |} 102 57 | 83.3 
Hot Springsa............ | 104 58 Ned 
Hot Springs ?........ phoubidaesdlsocceshacess 
Hot Springs (near) ......)...6-6).c05 cl eeeees 
Seneabeve senesesecesesec 106 51 | 78.8 
Keesees Ferryt.......... 109 nm 82.8 
Lacrosse t 103 5 80.6 
Lonoke *! 105 57 | 81.9 
Luna Landing*®. ...... "7 62 82.6 
iutherville*! ..... =eee wz 64 84.8 
EN 606650604000 00 -| 1 6 83.6 
DN Veene. sscsdéee xnes 107 MM 84.0 
Marianna®!............. 102 65 84.7 
PO cissescesescéeuncee 103 | 61° 83.4 
PE coscnecnvusat cochesdinetess éeecleasens 
Mossville ........ aeevess oS @ 79.0 
Mount Nebot............ 93 @ 79.7 
New Gascony*!.......... OS 68 84.4 
es eee rr Perr er 
Newport Of ...........6. 102 55 «80.8 
Newport cf......... 1 M4 81.9 
Oregon*®!.... ... eececese | 100 52 | 77.2 
Osceolat ........ Genuaars OS 61 81.6 
rea 104 62 84.7 
ee | 69 84.4 
POOREST cccunesdcecves 101; SR 84.2 
PRET Vedcks cecseccese 104 58 (85.0 
Pocahontas? ..........+. UN. hM* 79.4" 
Powell *t!....... odvedan 14 i =O 81.8 
PRONCOEE .ccccccccees 106 SS (86.3 
OED ¢a¢en<onveenecevecse 4 ST (84.4 
Russellville ..... 103 56 83.9 
Silver Springs ¢ ......... rd Mw) 76.6 
BOMCCMRFE Fcc cccccccccccs w1 nM RO 
TOEAFEORAT . ccccccccecs 106 58 86.2 
WERTORT ccccccmccccecese 104 57 84.4 
Washington * este iets 103 62 85.4 
WD @e cccsne seoeseese 102 59 (84.6 
PG chicane cetneneses 93 55 | 77. 
Witts Springs t.......... UN 52 | 78.9 
California, 
Arlington Heights....... Td Mw) 75.3 
Athlone®®........... eos] 291 67 | 86.4 
DEE bbnacen 00046. c000seleeeecdhéeceds}asiaee 
Ballast Point L. Hf ....../...... Se ee 
i Occconcesescests 106 7 9.8 
Berkeley .........+sss00: M4 51 63.3 
BISMOD Ec cccccccccccccces Os 42 70.6 
DT! .ciedeosnses cocsee | 34 «2450.3 
SS er SS 21 3.4 
Bowmans Dam OOS. cand oo 42 67.9 
CO OS oc ccccccecseccce 104 65 S47 
Calloway Canal *t®..... 112; 65 89.2 
GRERBBGE cc cccvccsecc cece 97 43 66.3 
Cape Mendocino L. H...|..... |....-.)sese.- 
Castle Pinckney *! ..... x2 57 «65.0 
|. or 39 «(66.1 
Centerville*'........ ss») 100 58 6.8 
CREGD SS, ccccccccssccccce, MB] GG) B12 
GOO occa dascectecceses 82 | 1 0.0 
Claremontt | 47) 72.2 
Ge cncccccse ce. cee 105 68 84.1 
Craftonville ............ 106; SO 78.4 
Crescent City? .......... 87 39 «55.9 
Crescent City L. H......)eccccsfeccccs| coves 
Do. csésesvsy tyeeue ie: Beeeshshesabee 
Davisville (d)....... 104 w 76.8 
Delano *®.........+++ eoss| 105) 65 | 85.0 
| DEER SS, .cccscccees escoce! 300 60 78.4 





Rain and melted 
snow 


Precipita- 
tion. 


Total depth of 
snow. 


~ 
= 
ba 


| 





| Temperature. 
(Fahrenheit.) 


Stations. F § 

e| 8 

= & $s 

= = = 

California—Cont bes ° ° ° 

Descanso *® ...... 2.0665 92 38 «67.0 
DEFtOWR oc ccccccvess ooo} 212 45 76.8 
Dunnigan *® .........+0- 106 4 82.2 
Durbam *!........... coos) 101] 53 | 76.6 
ne TN Ba Wha wonseslecccselcccccclessccel 
Edmanton®! ... .. ..... su 2 62.6 
MISIMOPO « cccccccccccccoce 108 53. O79.6 
Escondido ....-.....+++++ 101, 47 73.4 
Fallbrook *!............. 0) St 69.4 
Folsom City O*!......... 107 62 81.0 
POPE yoo DAM « ...20-c0ce| ccccccleccccsloccess 
DORE BOGOR cc cccccccceclecsces] coscoleseces 
DOSE TOSS cccccccescccess 75 45 | 57.8 
Georgetown. ......-..06. 06 49 73.2 
GN cccvecccecesees 109 OO) 84.7 
Grand Island ** ......... 106 M4 79.8 
Geaes VOUSy cccccccecccleccse leccces|sccces 
Greenville t ............- 94; 31 68.2 
Healdsburg *!........... ST 48 72.4 
I ccanceskeuuscets 06 40 65.3 
4 SP ee Sere Se 
Hydesville .............- 7 40 | 57.8 
Te? p chkGheke akee bh 115 75 | 983.7 
GOES ccénené ices ascens as 2 73.6 
GD cdndusGecunsces ben lidccdelnesens eer 
ET! scccqnnienes cuts 110 7O 85.2 
Gee ©, wvsccvesevessss 101 60 | 78.7 
Kennedy Gold Mine.... 105 47 «(77.8 
PN ekeseincsass sack undesntonssevineeses 
King City ®® ...ccccccceee 105 mM) 68.9 
Kingsburg*® ............ 107 65 85.7 
Kono Tayee ............. 05 54 | 75.2 
Lagrange *® ..........+.- 110 55 (83.6 | 
Laporte*t!....... anckeue Sti 4 6.8 
Lemoore @*%.. 2... ...6665 100 nO 84.4 
Lick Observatory ....... xu 55) (70.8 
BAG ERs cccescccccccese 111 52. 83.0 
RAO PONS Ba Hee cc caccoleccasclecece lecasce 
DMD opabekeeeddessctessee 103 SO) 75.8 
BOG GOS Bc ccceccsce cscs 8 44 68.2 
Lytton Springs.......... 102 5O | 72.5 
McMullin®! ............. 106 52. 85.1 
Malakoff Mine*!........ go MM | 72.2 
Mammoth Tank **.. ... 115 81 99.4 
eee 105 80 | 77.2 
ON OS | 2 SE PS Se ae 
OS Se 109 6 84.0 
BD COORD occc cs ccascclecsecelosescslocoess 
Milton (near) *!........ 104 63 | 77.2 
DOERR? cccvscescecs . 108 63 85.1 
POO S Oe .ccccccesccaces 113 65 86.6 
Mokelumne Till ai TTT wore 58 80.0 
Monterey*®* .......66-5- 72 Mm 59.7 
Mount Breckenridge....|...... ......)...... 
Si PE sccccaces Evupecelosse’. | caswnk 
Napa b. ..cccccccccecccces 10 4 67.0 
POS cndnccedveseess . 12 70 OAR 
Newcastleat............ 104 51 | 78.2 
Newhall ®® ..........22--| 100 6 76.5 
DPT -15 5 desecebe o6esl seewentegsceelestaans 
North Ontario........... W 82 | 73.0 
North San Juan*?...... 1) ii 72.8 
Oakland @ ..........000.: 4 Mw) 63.0 
Ogilby ® S ...ccccccccccces 118 # 99.9 
GN Factvaedscessascscs 100 i4 | 74.2 
Orangevalet .......++..+. 110 mw) 81.2 
Orland 8 ......cccscccces 109 65 «87.4 
PRRRNNNO cccenacevesscess 112 45 | 78.4 
Paso Koblesd...... a ae 4 «71.0 
POOGRERIE s ccccescccscses 93 SO 65.4 
Piedras Blancas L. H... .....-)..eeee eeeeee 
I OE Be. Miodcscchiawccesteesesels aves 
ane GROG < cccccnces cocclocsceslcoseselsceses 
Placerville ...........++-- 102 45 74.6 
Point Ano Nuevo L. H..|......)......)...00- 
Patt Bees ba Wisscscccclscccec|cccccclscsess 
PD TOO, Bos Biaccdécalcccesclsecccsleccess 
Point Conception L. H.. ...... 6.6... cee es 
Prats PGE Bos BE cccce Jccvccsleccccsleccces 
Point George L. H .....sjcccccleccccslcccces 
Point Hueneme L. H....)...... .cecee ceeees 
Point Lobos ............- 68 48 55.8 
eee Se Pe Pee Se 
Piet DEGGRR Be. Bocce cleccevcleces cleveces 
PES PE Bas EE «. cuccoslsascuclucececlescses 
Point Reyes Le. H.......6) wccccleceeesleceeess 
Petes GaP Ba Ticccecs cecclecsccclscsceeleccees 
Pomona ya Seeececese 7 5) | 72.8 
Poway %? neces cecccseces 92 62 | 67.0 
Quincy r PTT TTiTt ceceooes 9 36 «63.9 
Ravenna *?.......ccscees 106 57 | 78.3 
Pepe OF. ccicccccecces 103 Sj 80.6 
REPTOSAa ....6-.ceeeeeeees lw 6 | 77.2 
PR nndusi. mets 600004 107 4 76.7 
ee On | ar Ee ee ae 
Rosewood............+++ 106 52 | 78.4 


Precipita- 
tion. 


Rain and melted 
snow. 


Total depth of 
snow 
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Jury, 1897. 
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Stations. 


California—Cont'd. 
Sacramentod ........+.- 
Salinas ®®.........+.e0+- 
San Bernardinot........ 
San Jos@? .....-- cece eens 
San Leandro *!.......... 
Gan Laie L. H.....cccoes|..ee. 
San Mateo*®...........- 
San Micuel**..........+-- 
Santa Barbaraa ........ 
Santa Barbara L. H.... 
Santa Clara @ ......--+++/..0. 
Santa Cruz/t......-..-- 
Santa Cruz L. H.....ccselseccccles 
Santa Maria..........--- 
Santa Monica*® .......- 
San Paulad .......-. «+++ 
Santa Rosa*®®........+.- 
SaticOy .....-eeeeeeeeeee 
BOGOR, .ccsccccee ces eoes 
Sierra Madre.........--- 
8S. E. Farallone L. H.....)......).. 
Stanford University .... 
SRGGSKCOM @ occ vccsccesece 
Summerdalet.........-- 
Susanvillet ........-.+-- 
Sutter Creek*°....... 
Tohama®® .....cccccceces 
Templeton **.........++- 
Trinidad L. H.........++}.. 


Truckee *° 


OO ee 
PRIAFOC occcccesscscccecs 


Turlock t 


SS Rr 
Upper Lake..... porviens 
Upper Mattole*!........ 
Vacavillea*!........... 

ee ere rer ee 
Voleano Springs **.....- 
Walnut Creek. .........-. 
West Palmdale ......... aia 
Westpoint t .........+.+- 
Wheatland t...........-- 
Williams **.............. 
Wilmington*®........... 
Wire Bridge**........... 


Yerba Buena L.H 
Yrekat 
Yuba City ** 

Colorado. 


Sa errr re 


Antlers t 


a cagcae eogamena 
POON 6c ccccesicscccees 
SEEPS ean Speen 
Breckenridget .........- 


Canyon t 
Castlerock . 
Cheyenne Wells 
Collbran 


cide becknnseKk< 
I ice ane eeiae EPP REASON. CeCe 
Fort Collins t............ 
Fort Morgan .........-- 

ES EIS RSM (ae 


Garnett 
Gleneyriet 
Grand Junction t 


Gunnison 
Hoehne 
Holly 


Holyoke (near) .........)...... 


Hugo (near) 
Husted t 


Piicidedes. eeuvsend 


Lake Moraine t 
Lamar t 
Laporte 
Las Animast 


Leadville (near) *{'..... 


Lervyt 
Longmont t 
Longs Peak ......... . 
Meeker t. 


Millbrook + 
Minneapolist ........... 
Montrose ¢ . 
Moraine t 





Rain and melted 


Maximum. 
Minimum. 


‘ Te ooSs 


“2 


‘ 
oom 


co J 


So 


é 


ou 


Bern 





Precipita- 
tion. 


snow. 


snow. 
Total depth of 


St et et OS 
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| 





Minimum. 


Maximum. 
Rain and melted 


Sherwood Ranch 
Smoky Hill Mine 


Steamboat Springs..... 


EE BD iio owen coaslewsbestoones 


ores 


West Cornwall t 


more See 


> 


District of Columbia, 
Distributing Reservoir** 
Receiving Reservoir*®.. 
West Washington 


ray 


De Funiak Springs 


— 


DPOB AD Daw H Ha MS wars rb wr 
op . 
= 


Federal Pointt 


_ 


Frostproof ..........06. ° 


St. Francis Barracks.... 


— 


Tarpon Springs t 
Adairsvillet ....... sadee 


Tas_e I1l.—Meteorological record of voluntary and other cooperating observers—Continued. 
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Total depth of 
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Georgia—Cont'd. 


Blakely t..... indancewaes 


Cartersville 4.........+... 
CRABORDF sieccccccccccses 
Cah tins dence teseie 


Dahlonegat ......- 


Fort Gaines ............- 


Hephzibah * T° 


Point Peter... cccrccccce 
Poulant..... ie eaene ome 
Quitman t.........+.+ inal 


TOSCOR?S o ccccescss seceeee 


American Falls 
Boise Barracks t 


Fort Sherman t 


Idaho City...... «.. 


Kootenait........+.- coee| 
LODO Fc ccesveee cess 
Sek PGES 6 xios0v00 ceecles 


Minidoka .........-.. onae 
Murray t.....-. «+ eeseace 


DOOR Fe deeeccececee Terror 
PRVOCBET .ccccccccccess ‘ 


St. Maries ......... 
Salubria......... ‘ 


Swan Valley t ...- 


Atwood a*¥t?..... err 


Aurora d ... «s+ oevecece 
Aurora b......+. ésawe 
Bloomingtont...... «+++ 


|, Cambridge ........++e+++ 
'| Carlinyillet .......+-9+- 





Temperature. | Precipita- 
(Fahrenheit.) tion. 




















3 |s 
7) P| 
. f ec = a . 
8 E Ee | Se 
-| Be |e 
5 x d _ 3 2 
= | 
4/8/8148 
a a a fo ca 
| 
* | 2 Ins. | Ine 
100} 58/|79.6| 3.19 
102 | 62)| 83.2) 7.74 
104| 62| 82.4/ 7.53 
| Sissel cal 
101 | 62 | 81.6 | 3.42 
cs ligcne| 9:85 
98 57 | 77.8 | 7.61 | 
100 | 55 | 78.8 | 7-84 | 
95 52 | 75.4 | 9.07 
100 60 82.1) 4.97 
M4 | 84.7 |...... : 
102 | 57 | 76.2) 3.52 
104 66 | 83.0) 6.80 | 
9 | 54 | 75.0] 8.27 | 
| 46 | 74.0) 5.92 | 
nop | ~ | 
eS] Sis ca 
103} 57 | 80.8) 5.37 | 
98 | 60) 81.3 10.08 
% | 60 | 80.2 | 5.04 | 
95 58 | 76.5 | 14.43 | 
100 | 57 | 78.7 | 10.94 | 
100 53 | 76.8 | 7.73 | 
103 | 57 | 80.6 | 6.11 | 
100| 70 | 80.2) 6.15 | 
102") 60!) 82.41) 2.95 | 
OS 60 | 81.0) 7.86 | 
107 | 68 | 81.5) 7.53 | 
104} 59) 81.8) 4.55) 
9 | 65 | 81.7] 2.07 | 
102 | 63 | 81-8 | 5.10 | 
97 | 58| 76.9| 8.41 | 
97 | 67 | 82.1| 3.20 | 
99 | 70 | 83.6! 1.85 | 
00; 59 | 82.6) 5.37 | 
| 3|820| 375 | 
100 | 55 | 81.2] 2-61 
102| 60/| 81.5] 5.29 
100 58 | 79.7 4.37 
101 | 56 81-7 | 2:91 | 
101 60 | 82.6 | 6.66 
98 | 52) 75.0! 8.05 
101 | 57 | 78.8 | 7.68 | 
105 | 60 | 81.8 | 2.31 
M4") 59") 79.19 5.41 | 
9) 57 | 78.2) 6.15 | 
99 | 62 | 82.4) 4.18 
100 | 60 | 77.8 | 6.03 | 
98 | 60| 81.6) 5.60 | 
104 | 60) 81.9| 6.16 
102 | 62| $2.6) 3.45 
100 | 60 | 80.0) 3.61 
102] 61) 82.4 | 5.37 | 
| | | 
103 | 39 | 69.6 | 0.43 | 
100 | 32) 67.3] 1.84 
107 | 40 | 70.6 | 0.16 
93 | 35) 64.2) T. 
100 | 34 | 64.4| 0.52 
99 | 41 | 65.2]....... 
93 | 45 | 62.8| 0.06 
97 | 32| 63.2] 0.20 
9 | 41 | 63.5| 1.93 
9 | 34 | 63.2) 0.07 
97 | 33)| 63.6) 1.26 
92} 28) 57.2] 0.36 
98 | 38| 64.8) 1.47 
106 | 44 | 69.4| 0.83 
ecceleccees Rape 0.51¢ 
go} 27 | 50.4) T. | 
93 | 29) 61.6) 1.80 | 
108 | 30) 66.7/ 0.10 | 
92 | 36 | 58.6) 2.43 
107 | 39 | 69.3| 0.23 | 
100| 39) 66.2| 0.21 | 
104 | 40 | 71.2 | 0.70 | 
105 | 40| 68.2/| 0.63 | 
96 | 84) 64.8] 1.69 | 
94| 40/ 61.6; 2.14| 
102} 38 | 68.4] 0.22) 
97 | 30| 62.8] 0.13 | 
9 | 27 | 61.6] 0.50 
98 | 31 | 58.6] 0.77 
99 | 55| 79.4] 4.82 
103 | 53 | 78.6] 2.41 
100 | 59 | 77.8] 0.99 
106 | 50 | 73.4) 7.65 
ereessleccees Jeseees 4.89 | 
108 | 50) 78.6| 4.45 
101 2| 37.0] 5.01 
104} 51 | 78.6! 8.91 
102| 49/| 80.2) 4.68 
97 | 54|76.6| 2.41 
100 54 | 79.0) 3.33 
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Stations. 


Tllinois— Cont'd. 


Carlyle ... 0 cseces coveee 


Carrollton .....6 eee eee 
Charleston ..........«+++ 


Chemung... .... 000. eee: 
ORESEEP « ccccccccccceese 


GRO? cccccccccccceocese 


Clearcreek ¢.........6+++ 
Coataburg t...... ccc eens 
Cobden tf... ..66 cceeee eens 
CEE . cccvedceveseeese 


DOM VS s cceccccccce- cece 


Decaturt ........+.+- wen 


OE rar 


DWIGNE Foo ccccccccecs cece 
East Peoriat........+++- 
Effingham ¢...........++- 
Evanston *™, ........0.+) 
Fort Sheridant.........- 


Friendgrove*t*... 
GGT sinc cops cocece 


Glenwood *t!. 2... 6666+ 
GORGES 2c. ccces vecceel 
OS, Re SER Per Heese 


Greenville ¢ ..... 0.65006. 


Griggsville t.........++- 
Halliday ®® ..........+06+ 


Havanat .....0.ssscesees 
Herrin?! .....ccccscccees 
Hillsboro? ..........e00. 


MEET ccnccecccecccccece 
Jordans Grovet......... 
Kankakeeat........++.- 
Kishwaukee... ..... «.. 
Knoxville a@........66 «0 


Lagrange t........ «.++. 
Laharpe®*! .......6ece00. 


Lanark ®t! ...... 6.05000. 
PD «soos oncontes 
PO. canes giceee oeeesdlscesedissonns 
ee) PET Tee ' 

MecLeansborot .......... 
Martinsvillet ........... 
DEE? « ccceevccedes 
Mascoutah *°®............ 
BOSOM SS ncccoccecesees 
PURGE Foc cccccccccecescs 
Monmoutht............ | 
Morgan Park...... «.... 
Morrisonvillet .......... 
Mount Carmel t......... 
Mount Pulaski.......... 
Mount Vernon .......... | 
New Burnsidet......... 
Olney OF! oo. ccc e ceeees 
Oswego ®! . 2... cece cceees 
GERD cccecccecececces 
Palestine f ........ «+++. 
Penne seeséeee epee sone 
PPP Poets 0000 cece cecelesses 
ON eee 
Th saaxdebens 60006e6s 


PRE T cocccccscceses 


PGE Gcce coccecceses | 
Reynolds .... 6... 0600008: 
DNS cases cece ccceoscece 
Robinson *t®,..... 6.656. 
Roundgrove f ....6 600+! 
St. Charles *t!.......... 


Bt. John®t! ....ccececees 


Scales Mound..........-. 
Streatort........cccceeee 

srcomore’ teseeeeeceoes 
Tiskilwa® t® ........0065 
SN? cscs cceseesecedl 


WET wacccoes voce coos 


Wheaton ®? ..........++. Sa 


Winnebagot ............ 
SS eee 
Indiana. 


BRBSSOER F cccece cccecvcel 


BERGER FP? cccccessee: ees 


DEM ccscctecevs cvces | 
Bloomington f........... 


PTs beesteseseceess 
Brigh 


Butilervillet............. 
Cambridge City 1 Pooe voce 
Colambia City*!........ 
Colambust ..cccccccscecs 
Connersvillet........... 
Delphi 


Edwardsville*t'........ 
Evansvillet............. 
Farmland? ...........++. 
Fort Wayne ............. 
Greencastle f ..... ce.+s. 


| 


snow. 
snow. 


Total depth of 











Rain and melted 





Maximum. 
Minimum. 
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SlSSeSaegeezeslzensZ 


PAARAIARASASIZSIA BL2PBBLALSAASZAzBaz 


BHSIIASKASSOKSOCKH OHS ASSBTTeSRAese Tew 


EESZELSRS 


B25 


an 
— 


2325 


WORM MRAM MIMI IS BOGE GeM NNO BOND IS Gece Ne oom ESE 


SSRSRSSREELESSAAS HeSRBEBIZESR2Nse2eR82282 

















Temperature. 
_ Pabseabett.) ) 










Stations. F | 
} = | g 
a 
ls 
| 3/8 
zz 2 
| 
Indiana—Cont'd. ; & ° 
| Greensburg........ ++... | | ST 79.4) 
|) Hammond f .....--+++++- | 44 75.4 
— DB ccccceccceses | St 77.0 
| Jas succccccorel | 55 78.0 
Je ersonville teeeseecees | 56 78.3 
| Knightstownt........... | 8&2) 96.7 
BD RSE ccc cece ccccec cease: | St 77.7 
| Kokomot ..... 660.0 eee 53 «77.2 
1 Laconia .....ccccsee sees | 55 70. 
| Lafayettet.............. 51 | 76.3 
|) L@porte ......ceevecceeee | SO 73.9 
Logansport }¢........... | 102| 54/| 77.8 
} Madisont..........-++ «>| 98) 55 | 78.1 
|| Marengot .........+- | 99 | 53 «77.8 
SD PET v 0508 voce esessece 76.5 
|| Mauzyt.......... dene snen | i 75.5 
| Mount Vernont......... | 100 | 79.4 
Northfield ¢ ...........+. 75.6 
Princeton *!..........+.+ 77.9 | 
Richmond .......... «++. 76.0 | 
Rockvillet ...... ..se00. 75.9 | 
REGED ccvccsccceccceccece ; | 77.0 
Scottsburg | 78.4 
ee Pee 99 | 77.4 
Shelbyville ...........+.. 102 78.9 
South Bendt............ 101 | 76.2) 
SYTAcuse f....6. cee eceelece ccnscelaccoecl 
Terre Hautet........... | 79. 
Tiptont.. .....-sceeeecees | 100) 77. 
Topekat.........+.00+ eoet 7. 
Valparaisot...........+. | j | 75. 
Vincennest ..........++- 80. 
Warsaw f.... 6. cceeeceees 76. 
Washingtont............ | 78. 
Worthington? .......... | 98} 77. 
Indian Territory. | 
Healdtont *........+...- . 
RODS ccccccccccccccesceles seclecccse|sccecs 
BARES occcscccccccesees ; 
PUPSREE F® 00 cccccscccces : 
South McAlester ¢ ......|.ccccslecccccleccees 
Tulsat. 
Wagoner 
Adair 
Afton 
Algona*®! 
Alta GP ...0cccccccecceees 
AMROES?F occccccccccccsces 
oo) ee 
ASROR ERORE) cccecccccssclesecoclecccectecse 
AOREREIOF oc cvcceccccccces 
Atlantic (near).......... ’ 
pe Pere 3. 
Belknap ........sceeeeee 76.4 | 
Belleplaine..........+++- 73.0 | 
Bonapartut ..... 66.6. 77.6 | 
Beebe coccescccccescessece 72.6 
GINO 000 cccccces coccce 75.6 
Cedarfalls..........se0s: | 75.8 
Cedar Rapidst 4 76.4 
Centerville ......-...ee0- 78.0 
CRAPHOR « ccccccccccceces 97-1 
Charles City............. 74.6 
Clarinda? .........ss00+- 73.8 
CHNtoM «2.6 cece cece eens 77.0 
College Springs ......... 79.0) 
COPMTRE Foc cscccsccccccce | 76.6 
Council Blaffs..... ..... | 78.8 
QESSSOT ccccccccse cecece Oo 72.1 
NR | WT 73.6 
| Delaware ®*...........5. | Wt 73.9 | 
Denisont ...... seonse coos] §=96 | 73.4 | 
| DOWS «.-. ee ees ce vcccccces | | 73.5 | 
Se | 101 76.0 
Elkader t...........+e0+. | 100 74.4 
Fairfield ¢ ..........-++ -- 75.8 
Fayettet .....c6-ceseeees | 98 74.4 
Fonda ..... 5 ce cecccnee | 101 74.8 
Forest City......... -| 9] 72.2 
Fort Madison er! | 4] 79.3 
Fredericksburg ......... eet AERSR REET 
GAIUS F cccccccccccecccess | 76.2 
Gardengrove .........+++ 102 76.0 
GEE nenacces cossccles. see lensuselesaes 
Glenwood ¢.... 6... e0cees | 108 | | 78.0 
Grand Meadow*'!....... | 92] 70.9 
GOODE «0.6 eee eee eens | 102) | 75.1 | 
Greenfield............ ee] 99} 76.2 
Grundy Center.......... | 98 | 74.1 
Guthrie Center.......... |} 98) 75.0 
Hampton ........s0eeee0s 7 | 74.4 
| Hawkeye....... tees leeeees Joeeeeeleecees 
| Hedrick .......... soesesel 76.8 
| Hopevillet .. ° osees) 76.5 
|| Humboldtt............+ | 75.6 


snow. 
snow. 


| Total depth of i 
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| Rain and melted 
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_ Tams II. pnliateoretegieas record mind eoluntary and other saaualing seaaiette~ Canina. 


Stations. 


lowa—Cont'd. 
Independencet ......... 
DORTIGEE Pecos cccccccecs 
lowa City @t...... 6.6.05 
lowa City }..........405- 
Iowa Falist............- 
Keosauqua ...... 6... 6065 | 
Knoxville .........+.005+ 


BOGE occecacccccecceses 
NS cccccccene sees 


Maple Valley...........-)--+0+ eee: seit eeens 


Maquoketa ............. 
Marshall ¢ ..............: 
Mason City.............- 


PD ocsconscere cevccslscccesizcosesiesnees 


BOGE occcncccceee vsenec 
Mountayr? ..........+0s- 
Mount Pleasant *'...... 
Mount Vernona*!...... 
Mount Vernon?..... ... 
ROGER. oc. ccccces cocccccel 
New Hampton .......... 
PINT o¢cccevssccccoes 


North MeGregor.... 6... )....00 eevee re 


Northwood............+- 


GND dccceccccss coscscleceses 


GORE 6.5000 d00s decécesece 


a 


GE icnccvcccsccessssse 
Oskaloosat..........005| 
GERI co cccccccccesoss | 
GR Wis0s000 000066600: 260% 
i cidaw bike daee Sealed 
PED .wccccee susesee 
DM. « csesseneusene 
Rock Rapids ............ 
Rockwell City .. ses 
Sac Cityt....... oe 
BE. CHRSISS oc cvcevcccscss 





Sigourney... ......+++.00. 


|| SPOMNCEP. ..... ceeccccecess 


Spirit Laket ............ 
eT 
TREE ce cxseccecscece 
i icatadiudin web tev 
WHOOING - ccsecsacecesccs 
WR. cccccccvesccces 

Washington ............. | 
WMD 606 ceseresovece 

WED cccccccce scocce 
SUED c cancne senses eves 
Waverly .......csce0 +e 


| Webster City............ 


Westbend *t! ‘ 
WREOOE cance. ceccccce! 





| Wilton Junction t....... 


Winterset t......... .... 
Maneas. 


| j 
BF 0660 0002 0000 008 


Achilles®* ...........+++- | 


| Altoona *t® ............. 
Anthony ......+6. «sss. SEE AA HSEERE 
ssaria*® 


Burlington t....... ..... 
Campbell..........++.+- 
Chanute .... 6.6. eeeceees 
COMBE .ccccccccccccoccce| 
Columbus .......0000 0005 
COSTMOE o cccccccccccces 


Dresden ®!......ccsscceee 
Elgin*'...... open ecsheees 
Ellinwood? ..........+.. | 
Emporia ¢ .....-...-e0005 
En mowoodt peuansenesere 





PUEEEED 00s ccc ccccesceeslecsccs|oos wrt, Sonal 


Fort Riley t ............. 


| Fort Scottt.......... coos] 


Frankfort .......... «+. 


Garden Cityt.... 
Garfield ...... 
b GT ceseccccecccccesce 








Rain and melted | 
snow. 

Total depth of | ° 
snow. 


Maximum. 
Minimum. 
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Stations. 


Kansas—Cont'd. 
eer 
ye 
Grainfield**............. 
Grenola 
Halstead 
Hayst 
Horton 
Hutchinson t 
Independence t 
Lakin t 


eee eee eee eee eee ee 


Lin 

Mac keville 
McPherson 
Manhattan ?............. 
Manhattanc...........+ 
SS Saree 
Ec eahe a caibnc malian 
Medicine Lodge t 
Minneapolis t 

Morantownt . 
Nn 66694066.40008000 
Mounthope *! 
Ness City 
Newton 
Norton 

OPW T 2.20. ccvccecess 
Oberlin t 
Olathet 
Osage City t 
Osborne 


Pleasant PB iocody-cncane 
Pratt 
Rome *t! 
Russell 
Salinat 
Scott City 
Sedant 
Seneca 
Sharon Springs *! 
Toronto 
SUES 00s 06s ceceeces 
VOR Faces cscs cecccces 
 Riccccavdecevess 
Wamego*! 
Wellington*! 
Winona **® 
Yates Center........... 
Kentue Ry. 
Alphat. ; 


As land . 
Bardstown t............. 
Blandvillet 
Bowling Greena*'! 
Bowling Green /t 
Burnside t 
ST ninescsdens eeeen< 
ee a gee 
Gcceedcenscenncces 
Carrollton t 
Catlettsburg ¢ ...... wen 
Earlington 

Edmontont 
Dn ccdetcduse 600enees 
Eubankt. 

Falmouth t 
Fords Ferryt ....... .. 
Frankfort t > 
Georgetown ......... eee 

Greensburg ¢ ...... sense] 
Henderson ¢............. | 
Hopkinsville f........ eee 
DPR cces ese 60008 
Leitchfield f............. 

Re ctcken tukakassee 


gate i deshiaiaiians dale inniei | 
arrowbonet ........... 


Mount Herman.......... 
Mount Sterlingt ........ 
Owensborot.........+..+ 
Owenton ft. ..........005. 
Paducah at......... eae: 
Paducah db ft........se00+ 
nice panidaenes 
Pleasure Ridge Parkt.. 
Princeton 


Senet newt wweee 


eee eens 





Richmond ¢ .........«++. 
Russellville t............ 
St. Johnt....... an eseeee } 
Sandyhook .............. | 
DOGEE veccccccccccce eovees 











Temperature. 
(Fahrenheit.) 
a | § 
Bgl s 
” & $ 
= = Pa 
°o °o }| Oo 
108 45 78.6 
103 59 «79.2 
104 ni oe s 
101 51 | 79.2 
100 MM) 77.4 
1m i 79.2 
0 =—prséS. 4 
105 56) R21 
110 2 | 80.2 
10058 | 79.0 
103 52 (80.9 
105 4 | 79.4 
103 52 | 79.5 
10454 80.8 
102-52 | 78.8 
108 53 ORV 
Ww 52 | 81.2 
100 53 | 79.9 
102 49 76.7 
102 65 | 82.2 
aeeuae 53 |..... 
104 SO 80.8 
104 47 | 75.5 
105) 61) 83.6) 
105 5s BOLO 
108 52 | 80.1 
102 | 81.7 
103 53 (79.0 
107 58) 80.8 
108 53) 82.6 
102 53 | 79.6 
GED | ovcees lecevce 
107 55 | 82.5 
106 | 77.5 
103 52 | 81.2 
100 5O | 78.5 
108 5H | 82.0 
103 49 | 80.2 
17t = 48") 79.48 
107 51 | 90.8 
111 f2 | 80.0 
104 58 | 80.0 
98 58 80.7 
106 57 | 76.0 
101 | 79.6 
| 
96 nS) 76.6 
102; 54 | 77.2 
9 | 78.0) 
OS 53 | 79.1 | 
101 4 | 76.6 
1022 60 | 80.7 
oS 4 76.6 
101 60 | 79.0 
101 55 | 76.0 
102 MM 79.8 
9% 58 77.5 
% | 53 | 76.4 
100 55 | 79.1 | 
re SO 75.3 
102 | 79.5 
101s 4 | 77.6 
95 57 | 77.3 
103 52 | 79.2 
99 59 | 79.6 
10056 | 79.8 | 
101 55 | 78.2 
7 53 76.6 
98 51 77.2 
100 53 | 77.8 
6 58 75.0 | 
96 56 76.9 
% 56) 76.0 
95 55 (77.3 
99 55 | 77.8 
108 59 | 81.8 
10751 | 81.6 
Qs 55 | 77.8 | 
101 55 80.0 
8 53 | 76.4 | 
100 57 | 79.6 
% | 54! 75.4 
100 | 55 | 80.8 


| 





Precipita- 
tion. 


| 


Rain and melted 


snow. 
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Total depth of 
snow. 





~ 
= 
* 


s 


2 


= 


S288 


SASHRSSESELEY 


wa SL 


SLIKSSR 





| Shelby City 


| Clinton t 


| Opelousas t..........005. 
| Oxford t 





Stations. 





Kentucky—Cont'd. 
SOTO ocecccess seccee 
Shelbyvillet............+ 
Southfork = 
Vanceburg 
Williamsburg t 

Louisiana, 
Abbeville ...........0+ 
Alexandriat............- 
Amitet 
Sere 
Baton Rouget......... ai 
CN Givcicccececesses 
Cheney ville t 


eee ee eee eee 


CI ® , sho c0cebeees ene 
Covington 
Donaldsonville t 
Elm Hall 
Emiliet 
Franklint 
Grand Coteau 
a reer 
Houma 
Jeanerette 
Lafayette f.......ccccee. 
Lake Charlest........... 
Lake Providence........ 
Lawrence 
Liberty Hill 
Mansfield t 
Melville 
Minden 
Monroet 
Montgomery 
New Iberia 
Oakridge t 
Oberlin 


Paincourtville t......... 
Plain Dealing t.......... 
ayes 
Robeline 
Ruston 
Schriever 

Shellbeach 
Soutbern University t... 
Sugar Ex. Stationt 
Sugartown t..........++. 
Venicet 
OS eae ee 
Whitehall 
White Sulphur Springs . 

Maine. 

Bar Harbor............+. 
ee 

Cornish*! 
Fairfield ..........eeeee0s 
Flagstaff 
Fort Fairfield........... 
Gardiner 
Kineot 
Lewiston 
ree 
North Bridgton 
Orono 


Ce eeeeeteeeeeeee ee 
eee eee ewee wees! 
weer ee eee meee 





Maryland. 
Annapolis 
Bachmans Valley 
Boettcherville?.......... | 
Charlotte Hall t......... 
Cherryfieldst? 
Chestertown f........... 
Collegepark ............. | 
Cumberland 6........... | 
Darlington t.. 
Deerpark 
ee Teer 
PROG? . cccccescccees | 
PRETO OD s ccccccccss cece 
Frederick ........+..+.+. 
Grantsville.............. 
Greatfalls *® 
Greenspring Furnace ...| 
Hagerstown t ........... 
FOWL  coccccccosiceces 
Johns Hopkins Beugetes 
Laurel ‘ 
Mardela yemert beggess 
Mount St oe Coll. t. 
New Market 
Pocomoke City.......... 
Port Deposit 
Princess Anne..... ..... 


eee ewww ween! 


we tee eee eee 


| Sharpsburg.............- | 








Temperature. 
(Fahrenheit.) 
a 
ai/éig 
= & Fi 
= = - 
° ° °o 
101 55 | 78.1 
73.2 
99 BD 75.8 
v7 55 | 77.2 
ow 66 82.0 
100 | 62 R26 
102 63 «83.8 
09 50 | 83.5 
97 | G62 / 82.5 
100 | 6 84.0 
o ) 62 | 82.2 
100 62 | &.2 
OS | 64!) 82.0 
Os 60 | 82.8 
Os 65 | 83.0 
9) 68 | 79.1 
% 65 81.7 
OS 66 | 83.2 
of 65 | 80.9 
tra 59 | 81.8 
8 63 | 82.6 
100) 64 82.9 
v7 64 82.0 
90 66 83.6 
102°, 62° 83.5f 
99 | 61) 84.6 
14) 59) 85.2 
Wm 58 | 83.1 
ws 66 | 82.8 
102 63 84.8 
100 62 | 84.7 
104 63 84.4 
9% | 70) 8.7 
108) 56) 83.8 
9 | 64 825 
oR | 54 «81.3 
97 | 59) 81.8 
97 | 60 | 82.2 
101) 65) 84.5 
100 66 83.4 
101 58) 82.1 
1) 64°) 85.2 
oy 62 83.1 
9% | 72) 8.0 
| 65 80.2 
% | 66 | 83.3 
97 | 66 | 87.0 
97 | 68 81.4 
% | 66 | 82.3 
101; 61 &2.8 
101; 68 S4.2 
"1 40 64.8 
82 | 54 65.2 
92; 5&2) 69.7 
93! 46) 69.4 
96°; 39° 68.0 
% 12 66,3» 
9 | 49 TI1LB 
89 | 50) 68.2 
o8 52 | 71.9 
bs) 44 68.2 
9% | 48 70.8 
93 | 43 «68.2 
93 | 64 | 76.8 | 
% | 56 74.8 | 
sueeue lecesce] G206 | 
90 58 76.0 
76.3 
&N 60 75.2 
90F i4¢ 73.76) 
98 | 60) 77.2 
91) 58 74.5 
91) 41) 67.6) 
9 | 61 76.0 
8S G2 74.4 
9 | KO 74.1 
% | 59 76.6 
94| 49) 72.4) 
90 | 64) 77.6) 
7 53 75.6 | 
eH | eee 
89 | 60 75.6 
9% | OO 76.4 
92| 55 | 75.4 
90 62 76.9 
9; 588 | 74.3 
% | 57 76.8 
91 64 | 78.8 | 
95 61 75.8 
86 60 76.0 
941 571! 75.2 | 


Precipita- 
tion. 


Rain and melted 
snow 
Total depth of 
snow. 
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TABLE II.—Meteorological record of voluntary and other cooperating observers—Continued. 


Stations. 





Maryland—Cont'd. | 
Smithsburg...........-+6] 
BOlOMORST . ccccscccceceee 
Sunnyside 
Taneytown t 
Van bibber 
Western Port 
Massachusetts. 
BORE ctics 66000060001 
Bluehill (summit) ....... 
Cambridge @ ............ 
Chestnut Hill............ 
COMGOTET 06s weccessccce 
Fallriver 


Framingham ...........-. 
DPOB ec cvccecccccsccceces | 
Hyannis*t! 
Lawrence 
Lowella 
Middleboro... ........... 
nit ea a eae ne 
New Bedford a.......... | 
North Billerica.......... 
Springfield Armory 
i. errr | 
Wakefield 
Westboro t 
Worcester? 

Michigan. | 


OO errr 
Baldwin 
Ball Mountain 
Baraga 
Battlecreek 
Bay City + 
Benton Harbor.......... 
DUE 64 s:6 604 6iced se 
Berlin 
Berrien apeinee 
Big Rapids 
Birmingham..........+.- 
Boon 
CRG eccvesescovccvess | 
CAPBORVINNG .. 000s cccecece 
Charlevoix 
CRODOTI ceo cede cécees 
CII 5 585:0-060685s00808 | 
Bast TAWAS 00000 cere cece 
PD a ibks caueoneedencase | 
Escanabat 
Ewen | 
Fairview 
Fitchburg 
Peinns.s0senesences sans 
GRIN icc nisi-scssaces 
Grand Rapids } 
CATAPR .cccceceeecees ceeee 
Gea VGllag..ocoesccccescess | 
llanover 
Harrison 
Harrisville 
Hart 
SRR ooo 6500.0000 800% | 
Hayes ...... 2. 
Highland Station........!. 
Hillsdale 
Holland * 1 
POQUIEEE Acacccccccuses wees 
Humboldt 
BONER c 0.0600s0000008000800% 
Iron River 
Ivan 
Jackson 
Jeddo 
Kalamazoo 
DAO CHE a oo000 cece cocces | 
CRUE incr cceceunanes 
—— o0eeoeesceee- caves 
Lathrop 
Ludington...... cieksanes 
Luzerne 
Mackinaw City.......... 
Madison 
Mancelona 
Manistee 
ee 
“re 
Mic dle Island *"” 
MIAIORG Fc cscecccsccece |. 
Mottville 
Mount Clemens ......... 
Mount Pleasant }....... 
Muskegon 


eee eee wren nee 





seen eee eee 











Temperature. Precipita- 
(Fahrenheit.) tion. 
3/3 
| | = | ao 
: | 7h Fy gE Be 
pe) 6/382 
a r=] 
8 ais eon | a 
ais a | & $ 
= = | 86 a S 
° ° | © | Ina. | Ine. 
90 59 | 74.8 5.52 
4 64 | 78.6 4.39 
03 46 68.8 5.51 
100 57 | 77.6) 7.27 
us 58 «76.0 9,26 
102 52 | 75.6) 3.01 
ve 51 71.8 13. 87 
&Y 52 | 69.2 4.86 
| 52 | 72.6 4.06 
{ §2 72.4] 4.38 
4 52 | 71.2 4.0 
87 55 | 70.9) 4.60 
4 53 | 72.6 5.34 
O4 50 | 70.8 | 6.57 
SH 56 | 70.2) 4.44 
100 52 | 74.6! 3.02 
bd 53 | 72.6 4.62 
88 7 | 70.8! 4.80 
QR 55 | 71.6) 9.45 
&3 52 | 69.8 | 3.85 | 
7 §2 | 72.1 3.7! 
92 49 | 75.3 | 14.99 
87 51 | 71.0 5 7% 
95 52 | 72.0 
05 51 | 72.6 
92} 54 | 73.4 | 
100 57 | 74-8 | 1.56 
99 48 | 73.6) 0.95 
100 51 | 73.2] 4.63 
102 M4 | 75.5 1.66 
101 54/1 73.9) 8.11 
100; 40) 71.8) 2.17 
95 55 | 78.0) 3.09 
rt) 44 | 68.8 | 3.15 | 
101 55 | 76.0) 1.69 
100 53 | 73.0 10.10 
o7 50 | 74.6) 0.16 | 
OS 53 | 72.0) 4.58 
7 51 | 71.3 2.98 | 
98 50 | 75.0 | 0.98 | 
7 50 | 71.8 2.01 
101; 50 | 75.2) 3,22) 
95 44°) 69.8 | 3.21 | 
92 | 50! 67.6) 3.80 | 
97 52 | 71.7 | 3.52 
6 nO | 71.6 1.75 | 
101) | 71.6) 2.58 | 
104) 52) 75.8) 2.34 | 
6 h2 | 71.6 2.99 | 
Us 54 | 73.8) 2.91 
88 | 51] 71.4! 2.78 | 
95 47 | @.2/..... al 
9 | 53 | 73.8) 1.78 | 
100 50 | 72.3) 3.55 
9 | 51/72.5| 3.90 | 
oS §2 | 71.1 3.18 | 
100} 55 | 76.3! 1.72 | 
OS 53 | 75.4 | 3.57 | 
101; 45/ 72.6) 2.90 | 
102 53 | 74.4 05 | 
oo 51 | 71.4 2.73 | 
ow 2 69.0) 4.38 
9 47 | 74.8) 2.18 
100 58 | 74.1 2.99 
ts 48 | 70.8 | 3.74 
ee eee eRe 3.98 
98 53 | 73.8] 2.38 
sme 8e fg 
99 54 76.0) 6.05 
OE lecdcnaloasens | §.10 
102 8O| 73.7 3. 22 
94 45") 68.65, 5.26 
OS 55 | 74.1 2.93 
103 55 | 75.8 | 2.09 
9 | 53| 71.4] 5.89 
99 55 | 75.4 2.35 
7 43 | 70.6 3.04 
7 55 | 73.3 7.32 
101 538 | 72.5) 3.13 
wr 2°) 69.4 3.71 
9 45 | 72.1) 0.98 
97 | 48 70.6 | 3.78 
§ 50 | 69.3| 1.65 
100 54 | 75.4 1.49 
97 46 72.0 1.88 
96 45 | 70.0 1.28 
82 48 | 66.6 2.44 
101 4272.4) 5.47 
86 58 | GD.8 |ccccee 
eserves 42 71.6) 6.98 
103 45 | 75.2) 1.94 
101-52 | 73.1) 3.99 
102 53° «73-6 3.04 
| 871 74.0| 2.47 
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Stations. 


Michigan—Cont'd. 


Newberry ...-+-+-e+es5+: 


North Manitou Island *" 


North Marshall......---- 
Northport .....-+-+++e0+- 


Old Mission.. 


STE ccncbes cdvenetsosts 


OMT «cece te eeeeee 


OPI ccccccccccccccccecces 
COWOBBO 66 cc cc crew een e nee 
Parkville .......- snocccestoacceationsesoloosess 
Petoskey .....6 cee cece: 9s 7 


Plymouth .....-+- odes 
PontiaG.....-o-seccesss 


Port Austin. ......+-«e09- 


POWOPS oo cece cecceeeeees 
Reed City .......6eeeeeee 
Rockland...  «...+ «+++ 
Rogers City «... ««seeee 
Saginaw ««.eeeeeceees eee 
St. [Mace .... 6 ee cece eens 


BE ZOMG coccccccocescces 


Sand beach } .......6«+++ 
BIANAW «. +. -ccecccccecess 


Somerset ..... ccc ceeeee 


South Haven ......-++6+ 
Stantom .....6 cceeeecceee 


Sturgeon Point*" ......! 


Thomaston «....6660006- 
Thornville........«+ +++. 


Thunder Bay Island *"’. 


Valley Center . «... +--+. 
Vandalia ........eeee eens 
Wasepl .....cccccecceceee 
Waverly. ....6- -ceeeeeees 
West Harrisville. paaweee 
Wetmore ......-.cceee « 
White Cloud ...... «.«+- 
Ypsilanti .....---eee+e: , 
Minnesota. 
AGA? .ccccccccces endeseeed 
Alexandriat ....- pasuwes 
Beardsley «.....«+es.eee 
Bermid]i .......--.-eeees 
Bingham Lake ......-.-- 
Bird Island.. seeeed 
Blooming P rairiet ecvuene 
Bonniwell....... «++ Kini 
Caledonia t........«+0«+: 


COME 2.0.00 ccccesceees 


Collegeville .......-+0++. 
Crookston ¢ . «6.666 eeeeee 
Detroit City. .......6e5+- 
Faribault... ....+..-«++- 


Farmington t........ +++ 
Fergus Fallst .......++.. 


GONCOG,« «66 cee ee eeee 
Glenwood F.. 0.66 cece eee 


Grand Meadowt ......-- 


Koochicking ........«+«- 
Lake City ....-+seee eevee 
Lakeside t.......- 

Lake W innibigoshish' . 
Baemmbers ho. ccccs ccccece 
LAWTONCE ... 6.0 ee eee eeee 
Leech Lake! .......++. A 
Lesueur *!.. 2... cece eens 
Long Prairie t .....-.++.. 
ee CTT TTT ‘ 
Luverne t....66 cece eee 
Mapleplain .......--- +++. 


Maplewood *!........+++ 


Mazeppa! ......eecee sees 
WEERORc cc cscs cceces: apie 
Milant......- gsnubees 
Minneapolisa RE 
Minneapolis >! eps eeneeooe 
Minnesota City *t!...... 
Montevideo t.........«+- 
Morris co.cc eecccceeceees 
Mount Iron.........+- gece 
New London ....  «««««- 
New Richland *' ... ... 
New Ulmt?........--«+-- 
Park Rapidst .........-. 
Pine River! ..........++- 
Pleasant Moundst... .. 
Pokegama Falls'........ 
Redwing ......-- senenees 


ROOAG. ccces seccvcccsccess lecese 


Rolling Green .......+.++ 
ROS@AU «. «6. eee cueee eee 
St. Charles t .........«... 


BE. Cload .cccccccescceces| 
> CBRE. cccees cocccoccecs 

POCGP ccccccccccss cove! 
Bandy Lake Dam! ......| 





Minimum. 


Maximum. 





Se ee rr 
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Seas 


33 +2 


Precipita 
tion. 


Rain and melted 
snow 
Total depth of 
snow 
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Maximum. 
Minimum. 


Agric sultural College.. 


Crystal Springs t. 
Edwards ........+e++e0+ 





Holly Springs t 


ws Ree 
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econ 
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>a>DM 


Pontotoc Raskadenes ehedea 


ers 


té& 
ana 


Ww Vater Valley*t! 
Waynesboro >t 


OAH R: 
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Apther® t%, .ccccccccccccslececes 


East Lynne ...-- 


Elmir OE . cccccsceoseece : 


Rei "yoo "58 80.2 





Harrisonvillet . eveesceces 
Hastain .......-- ob éaeees | 


TROESOGR 2000000 cocccccecs! 


Jefferson City t 


Lexingtont........-+ enee 





Precipita- 
tion. 


Rain and melted 
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Total depth of 
snow. 
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Tasie I1.—Meteorological record of voluntary and other cooperating observers—Continued. 


Stations. 


Missouri—Cont'd. 
Liberty ........c.eeeeeees 
McCune *t!........-+ +455 


MamaGieldl .....0cccecccccclocees 


Marblehill.... ......++-- 
Marshall © cuscaus evccess 


Mineralspring......---+- 


Montreal *!.........- sone 


Mount Vernon ........-- 
MOBO ccccccccccescoess 
Nevada ® 5 .......0-eeeees 
New Haven*!.......+.-- 
New Madrid .........-+-- 
New Palestine * t'.... 


GEES cccccccessses ove 
PR Rr peers ree 


Oakridge ** ....++++++- 

GRA ORF 0cce cecccccccccess 
OPEGON GB... cece cecesveees 
Oregon 6! .. 6. cceeceeees 


DaGSOla? cccecccececcccccleccoce|oces 
ORO cccccececccecsccescccsleccessleooes 


Palmyra*®......---- 


Phillipsburg * t!..-.-- ied 


Pickering **.....-..++++- 
Platte River*®........-- 
Potoal ..cccce.cccssccceee 
Princeton.......+«++«+. R 
Rhineland .....  «..«++- 
Richmond ..... detneeeee 


FROME .ccccccccccccecccccslocsecelooce 


St. Charles .......--.4+5. 


St. James®?. ...cceecerslecvees 
St. Joseph ee ee 


St. Lowis...... see eeeees 
Sarcoxie *? .....+-+++6. = 


Seymour *®......+0+050+% 


Shelbinae.....-cccccccess 
SikestOM...... cesecceses 


StoMenville.....ccccccccclesccsele cocsfeseess 


Stelladat.......seeeeee+- 
Prt 
Unionville t ....- aneaeen 
Vichy... 1... -.eeceeeeeeeee 


Virgil City... csccccccesle.coesleses 


Warrenton .......665056- 
Willow Springs .....---- 
Zeitonia *! .......-..00+- 
Montana. 

Augustat.....-.-essceree 
Bigtimber ...... «..+ +++ 
BEAST oc ccccccecicccers 
BOUIGESE 2c ccccccccccsccss 
Bozeman t.......---+«0+° 
Bozeman Exper. Stat’n. 
Bette? ..cccccccccccccees 
Castle . ccc cccccccceseres 
Chinook t.......-++ +++ 

Chotead F....ccccccccoees 
Columbia Falls .....--- 

Bicalake ...ccccccccccces 

Fort Benton........++.«-- 
Fort Custert .......-«++- 


Fort Keogh t ....-...««++) 


Fort Logant «....--+++- 
Fort Missoula.......+-.> 


Glendive ¢ .....- aouseenes 
Greatfalls t....--6-e eee 
Homan f...0.-ccccccececes 


Kalispell ........--- 


assets scessnness el 


Livingston t* caeesnewe sine 


Manhattan f ....---++-+ 
Martinsdalet........+. eel 


Marysvillet 
Poplar........-- 
Radersburg . 
St. Pauls t.. 

TOY «0 ce ccecereeeeeee . 
errr Te 


| Virginia Cityt.... «....- 3 
WiAGS focccccccccccccce lecsmsslevaseuteseves 


AIDION 2c ccc cccccccccs Saee 
Alliance *! ......++..+6+- 
| Ansley t .....++.eeeee sees 
| Arapaho®? .. eases o6 aces ee 
Arborville *! ........+.+- 
Arcadia ........ pa oontes 
Ashland at. .... ....0++- 


Ashland }*!............ | 


BERBER co cccccccovecesess 


| Auburn *t!........0000es 











Maximum. 
Minimum. 
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Nebraska—Cont'd. 
BeGGG eS 650000 +cs000 ese 
ED ca icceeegnndannes 
EIT 0.6:544d000 e000 
Beaver Cityt ............- 
ESSE ae SS 
IL. . cee nna a6 0sleenenetenenssiaedues 
BEE Oe oo cccccvccceeses °7.6 
ED  cccdconneunsbincikdibewsnahiacaes 
Burchard ........... 
UNEEE snidcunssiessesess 
Callaway t ..........0++- 
Camp Clarke ....... eee 
ON ere Preren Perens 
SPOS a cccnncecevesse 
Columbus t ..........60. 
ON ee 
ee 
GOED cccccccccceccccesce 2 
SINE 855406 thse cedclcceccclbdsaweiosenas 
SN cbt cdée tevkndons fi 
David City *t‘.......... 
EL cnccaveowadcehese 
ib n666tdeeessaudeselsadas 
Nes. .cccvcceseses 


DE nase<oee ces 


SN Dicnqnes siccexinasxel eign 
ET Cn cccscesscsces 
DRRTERONS F occcccceesecee 


PRO wisencccecs 
Fort Robinson 
Franklin ..... 
Fremont t ... 


GOST G Ts ccceccccsccccess 
Di taves detitnkcenens 
0, er 
Gothenburg ............. 
Grand Island 4.......... 
QrOOIST 00000 ccccccccccce| covcsclec 
Dt pbvndheh seek eeuthececsals sacesiedasas 
Hartingtont............. 


Harvard *!....... . 


Mastin O? ... cece ccccse 
Hayes Center ....... 
Hay Springs. ...... ce. 
ee 
EERE CE Ses ROA 


Holdregea ... 


Holdrege?*#! ............ 


Imperialat....... 
Indianola (near) *! 


Pe coerce: escapes 


Kennedy ......... 


eee 

Kirkwood *!.. ......... 
BaP 

DID Vascievesscieese 
SO OS 
Lodgepolet............. 

Oe ied «Gis eeminard 
EMG PS?. cccccccassecves 
Manis 05 +000 6000ss Geenlseseas| sires stesenen 
eo ieee a cucene 
SN ences cvtsss ocecetlwdekestéeckavteaawes 


Madrid*®®........... mie 
Ee roe peewee. amie 
ET isc ccnees tens ; 
IS Ea See Mae 
ES I ye sae be 


Nebraska City /*! 


Nebraska Cityc......... 
PED? ® coccccccccesce 
DT UbbbKendserescenes 
SO 


Norfolk 6...... vane 


DD hovscrcsn cones oes 
North Loup t............ 
| ae 


) eer 
DE chGvastibeeuserceeses 


Osceola........ pea 


bi chevetewibisieeee i sovessiocccanivaxnts 
0 Eee ‘ 
Plattsmouthat..........)..... 
Ravenna a..............- 
Ravenna ?*®!........... ; 
SERRE RENE RE PEE 
Redclond }*!............ 
Republican *!........... | 


ee ° 


St. Libory ...... REAP EASE: 
WO. FUE ccc cosccsce 


of 


snow. 
snow. 


| 
Stations. | 
| 
| 





Rain and melted 
Total depth 


Maximum. 
Minimum. 
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Stations. 


Nebraska—Cont'd. 
eg ET eee 
Santee Agencyt........- 


Sargent ....... (asandensnibs+aeke € shan. ave 
DO s 606000600608 0000] senes cheeesssleeness 


DE cocasdcccece veces 
NN  Sidictcnweences 
Springfield *!............ 


SOUS VIOW 00000 ceccccee 


EE? acccacacannnces 


Ee Soren Sees ore 
iat er | 2 
NED. 0006s consistence Sétctccineesesiodcuss 
BUPOMSDGEE «occ oe cesecsiosocsels wie 


Superior®®......... anve 
SUT OR . cccccccccce coves 


ED cnbcecsceicasass lessens Jeeceesleoeces 


Tecumseh /t ............ 
ll 
TRE? é.ccscsxccevee 
Pc 
WON Vaenccccsesvens 


WEED icicus oxvcccedeesa 


Wakefield ............... 
WONT Ss cn ccneenee ods 
Weeping Water*'. ..... 
Westpoint t ...... ...... 
We Rc ceccews tons 600 
npg A ae 


Wa ccccsccnedocsoralsccccslevocesiesuses 
Wilsonville*!........... j 


Wiener @&...... 2000. ee 
WEGGEEGE cece coccces 
WO m Genabnesssnbsnces 
Nevada. 
ea 
Battle Mountain *!...... 
See 


COMMON © a cne'ccvervcss 


COGT 9? 5 cccccccccee 
Carson City..... 


Cloverdale ®!... ........ 
oo ee See Seer eee 


Downeyville ............ 
Elko** 


aaa 


IP! 455: hele - camel | 


CHOI ov cccccesec -esesees 
Golconda *! ........ee8: 


Gold Creek *!............ 


ESE 
Hamilton ........ eerer 
Hawthorne a*°....... Ses 


| Hawthorne d.......... 


Hot Springs*!........... 
Humboldt *!............ 


MOFOGTS BOT ec ciccesclacccccloccscsiacsse 


Lewers Ranch........... 
Ke. Aare 
EAGOIOOE FF ig ccccccvccces 
EE Sarda 6.dkbn Geen w acee 
eka cama ee a a 
Mil} Clty? ..ccccces 


Monitor Mill.......-..... 


rer rrr 

Palisade **......... “Tere 
PRR vcccsceenesauses 
NN onsen nascedeneane 


Reno State University .. 


Ruby Valier so. svcccces 


hy EES | 


San Antonio............ 
oi oy Oe eeere 
WOOGIE SF, cccnacccceseses 


T= pestdscecceseccs 
PRRORPORD. ccccecccceses | 


WOE ac bcncncsetcsceseess 
New Hampshire. 


0” er 


DE accudeesdueseees 


GRAD ccacesccscencccal 


BOGE oc cccecicseceves 
ND paces ea aekoun ieee 
ee 
PD cnvdn decerccenes 

MOWOGR « ccccvesscecceces 
North Conway .......... 
PURSEROTS 60000650 sevecs 
PRUNE inccuscacnesccs 


Sanborntont ............! 
Stratford ............ esas 
Ne eae oo Spa 


West Milan.............. 


snow. 
snow. 





Rain and melted 
Total depth of 


Maximum. 
Minimum. 
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TaBLe II.— Meteorological record of voluntary and other cooperating observers—Continued. 


Stations. 


New Jersey. 
ASOUTY POPE 20000000000 
| ae 
ID cenawcensecaceat 
Beachhaven............. 
OE UUND 6 ndnses.svecscce 
BOVOTIG ST 000s ccccvccscccess 
Billingsport *}........... 
BERITSCOWR occvccvecccces 
POPE caneses ones sesese 
er 
CE intra Seacakesuaas 
Cape May C.H.t.... 
Charlotteburg........... 
COG ances cunasiaxsena 
CI aasicscccceveneses 
College Farm t .......... 
Deckertown..........0:. 
DOUG ae ccccccccecceccctes 
Egg Harbor City...... . 
PEMOMOCRT cccccscccccces 
BnMlO WOO" 0 o0s0ccccces 
Franklin Furnace....... 
 cingnnanncds« 


ROPE EET ET rere e 


_ 
Hammonton. ...........+ 
Hanover...... eesenee ede 
Hightstown ............. 
Imlaystown .... ........ 


SOD 6 octane cece. nsoloecseslecceueleazens 


MoorestOWN ....cceeees: 
POU OP cavacdvecccess 
New Brunswicka....... 
New Brunswick d....... 
DROUIN pawn eecssndeence 
Ocean City ....cccscceece 
GORGES iccnsescecsousess 
PURINE co cctsccscciceese 
Perth Amboy...........- 
Sree 


Rivervale.......... ones 
NNN 55 cutenakeav cake 
Sergeantsville........... 
GORI UTED 0600<6s000de0s 
South Orange ........... 


NEE -ocdcec savecoleyenzs|acosasiessxes 


po)” eee 
WEE daccccvcccesss fyae 
errr 
eee eee 


New Mexico. 
pO, errr 
Albuquerquet .......... 
ONE i ocncccubets ceekeaes 
Angus V. V. Ranch..... 
DEES 0c0% 08h6- 50% cence 
Bernalillot............ - 
DEMO WEES ? oc00cc cccsscs 
Buckmans.......cseees. 
CIB YCOM.occrcccccccce ove 
eee eee TUTTE CETTE 
East Lasvegast......... 
SY ecenss censndes neces 
ON err 
Espanola ¢ ............6. 
Port DAVOrG. ..cccccecces 
Wes TIMER ccccecccvescs 


Gallinas Springt........ 
GG hacdanscnccavsscccecs 
ST wanes sescecea 
LAS CPEOOS Fe cccs ceccccee 
Lordsburg ®® ...........: 
Los Lunast.......... rr 
Lower Penasco ..... 


Gceses exnves -sevveses 
Puerto de Lunat........ 
ee, Serer errr 
POOF oc 0cccescsscceces 
ee | ee 
San Marcialt ........... 
Shattucks Ranch ... 
Springer t .....0.cseceees 
Valley Ranch ........... 
White Oaks t............ 
Winsors Ranch........ . 


New York. 


DMMB. o5006aconce cevesslecce.« 


BREIGE oc ctccvcesccevss Pe 





Rain and melted 
snow. 
Total depth of 
snow. 


Maximum. 
Minimum. 
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Stations. 


New York—Cont'd. 


i Ta 


SUED wdbedde seers seesee 


PSS: 
Big Sandy*"™........... 
Binghamton t .......... 
ST [t tteheehuddecee 
Boyds Corners ........ 
0 a eee 
er peteeute cedeuva 
Canajoharie ... ....... 
eee 
TNE Dade cd0secedes vce 
aaa | 


EG: csuhie, Gicteca det, =. 


Charlotte *'!. 


Chenango Forks ....... [esos 


Cherry Creek........... | 
Cooperstown ¢ ......... 
SOUND on cenevine sénec 


De Kalb Junction ......./.... 


 chenee cinccees ve | 
ee 
Pi iattttdeiecsenvans } 


ender tdevedscekes 


Fort Niagarat ......... 
Franklinville... ......../ 
Friendship ............. 

Giarrattsville ........... 
 ¥. Seepage 
Gloversville ............. 
Haskinsville ..... ..... 

Honeymead Brook...... 
Humphrey f¢............. 
Di hidiesdectccounesss 
Jamestown............ 


Kings Station .........../..... 


Lake George ........... 
ES6tlo Palla... ccccccces | 
EMOR PATE 0000 ccccccese 
ss | 


eS Ra a 

adison Barracks t..... 
Manhatton Beach ...... 
Middletown ............. 
Mohonk Lake........... 


Mount Morris .........../..... | 
Newark Valley..........|...... 


New Lisbon ........c0s0. 


North Hammond ?+...... 
tT Pi 26 sdccceecves 
Number Fourt 
Ogdensburg ............. 
GUUIED cccccccccccecce ‘ 
TT hhebecebensesbenss 





Plattsburg Barracks ft .. 
Port JOPWIG. ...06 cece cess 
Poughkeepsie ........ ‘ 
PED cescescceccccesc 


Saranac Lake ........... 
SIN, cececncsce acce 


snow. 
Total depth of 
snow. 


Rain and melted 


Maximum. 
Minimum. 
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Stations. 


North Carolina. 
PD nicaivaendace ede: 
ER 
DT bankkvdswhbacwes 
ieee 
BEySOR Clr F ..00.0cccces 
Chapelhill f........0.000. 
_ enprepnrets 
Experimental Farm .... 





ll, RnR Fag | 


Fayettevillet ........... 
DUEL neaeeieccudeedas 


Greensborot ............ | 


cas sennahasecs 
Hendersont............. 


TD ieee isedsnnnces | 


Jacksonville ............ 
EO? sc cnnckh echoes 

Pe 
| Peer 
Louisburgt.............. 
Lumbertont............. 
i, gg EE 
i itdh dcaennde ibhebeda 
Marion ... = Sheba: .cde 

Moncuret ...........000. 
aera 
Morganton... ......... 

Mountairy? ............. 
Mount Pleasant..... ... 
eee 
0 IES. 
eS een 
OO  csndenks , 

I Sa 
Rockingham t ........... 
PD cccdowksnsaeace 
| rae 
RS 

SGENT 66sec ccbevcececus 
UN S6abbbe. Cascacnesbns 
re 


DN cudischinestsacens ree 


PT iicneceéddentensess 
Soapstone Mountt...... 
Southern Pines at...... 
Southern Pinesd........ 
Southport f...........0.. 
Springhope *!........... 
PE aunanedcéuenswses 
Waynesvillet.......... 
|.” SAAS 
CEN weuhuakcckdéenaa 
North Dakota. 

DUEL éicdcdceeeaneuscs 
Ee & biidnbincexsédes 
ESRB ae. 
Cs, Sob enis knees a 
Churchs Ferry .......... 
Coalharbort .... ...... 
Devils Lakef............ 
TN cretis< ¢iddae ous 
iets ccees en 
POlCOMEP 2.2... 60.ccccene 
RRR alate 


nr eeerRnane 
ay 
Grand Rapidst....... ese 
Ri ‘ 

Jamestownt ............ 
RN Wid ndnteccecnccc 
Oe ae 






NE Adabdbadhendeeans 
I iin’ dts denbengadd 
Napoleont ............. 
New England City..... 
Oakdale t 
ID Sedbekeweiucmancs 


| Sheyenne ... 


Pie: 





| Temperature. 


snow. 
snow. 











Rain and melted | 
Total depth of 


Maximum. 
Minimum. 
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TaBie II.—Meteorological record of voluntary and other cooperating observera—Continued. 
Precipita- ; 


| 
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| 
| 




































































Temperature. | Precipita- 
(Fabrenheit.) tion. 
s. 
| z | 
Stations. : | Bx 2. 
Big B | Se 
sis Bs i|t3 
Big - | ae ri 
r) = 8 a a 
2/8/;8/¢ {8 
A | Al; Ale B . 
} 
North Dakota—Cont’'d. 9 © | Ine. | Ine. 
.. |) PPR Get A see 8.8) 8.83 
| Willow City ......... | 41 | 68.4 | 2.77 
Wood bridget ..... ..... 4265.3 4.41 
Ohio 
caer 4 74.8 5.06 
Annapolis ............... 1 50) 74.0 4.11 
D ML -eteidiskneaseee 5272.6 3.62 
| Ashtabula...... eebenesee 55 | 73.0 10.69 
a mens: pera! cncnmen 4.60 
SE Ruticheauukice tiagantossvonteecees Jesses-) 7.65 
Bangorville............. 5274.4 4.87 
Bellefontaine ........... 53 | 76.8 6.29 
aa Sivbeseleaveccd Soasecsh 5.92 
Benton Ridge........... 52 76.3) 3.99 
BN ctédeeaionssancns 49 78.2) 6.85 
Bigprairie ............... 51 | 74.0) 4.85 
_.. Ota ay may boseece | 4.70 
i ctccundcncbcscess 55 174.2) 6.01 
| Bloomingburg .......... 53 | 75.4 | 5.99 
Bowling Green .......... 5374.8 2.31 
PD ciate: dscens roses 5) | 76.8) 5.90 { 
Cambridge ..... oueeoss 51 | 73.5 | 6.12 
Camp Dennison. ..... 57 | 78.5) 5.70 
Canal Dover............. 53 | 75.4 | 6.91 
Re SG Mite leseenat MEE 
| Cantont....... é eee 44/74.5 5.70 
| Carroliton...... aiael SP Iecaass fidekad 5.36 
Cedarville.....  ........ TRS ee atic | 4.43 
SC nscické. ice eheneee i 2.13 
Cherryfork .............. 104 | 80) 77.9) 4.81 | 
 , . _, SSBRBRESORRRS SPet Mmaag tsees 5.52 
Circleville .............. | 56 76.3) 6.06 
| Clarksville .............. 531 76.6) 4.94 
Cleveland a.. .......... | % | 56) 73.4) 3.53 
Cleveland b ............. ng 52 75.0) 2.63 
‘heb tethé dee: estes 51) 76.8) 3.12 
eR tcichedaseas das 51 76.8! 4.95 
Colebrook .......ccescess 57 | 75.8) 7.14 
Daytona 78.5 3.49 
| Daytondt 8.71 
SSS 51 | 73.6) 3.61 
Delaware .......... .... 101; 8377.0! 4.04 ’ 
Ss ctecbindaaeen anus 53 74.2) 3.40 
 Gacveviastectascks 53 | 76.0 2.68 
tl cttinecitdaheceaas 5474.5 4.86 
Fairport Harbor *”, 60 | 75.2 |....... 
Fayetteville. ............ 4 76.4 | 10. 42 
Sisisasestnedsenea 82) 77.4) 3.08 
IE cK ndiiirs bei deaeins 55 73.6) 4.45 
Garrettsvillet........... 4972.2) 6.34 
GPARVINNC......0000 cecees 58 | 75.4) 5.37 
GD nancaeceuseavence< 5474.8) 5.09 
(ireenfield............ .. | 1004 574 78.0% 4.96 
.., = ana 5 74.2) 6.12 
SE i hanceuscessecs 56 74.6 5.39 
SN s Sind sachunnes Peanean leaneue Jecccce 5.14 
Hanging Rock........... | 86/77.0] 5.73 
SEED 6 nddes cevececevess 52) 75.0) 0.82 
- ERS 49 72.4) 7.64 
55 77.6! 5.00 
53 73.0) 6.51 
49 75.2) 4.45 
49 78.0! 3.40 
52 | 76.0) 3.54 
47 | 73.4) 7.17 
56/ 75.8) 5.94 \ 
52) 75.5) 4.87 
ow 44/ 71.1!) 3.44 
DT cnuddédceusesschece Bee feces leanne 5.08 
Lordstown .............. 54 73.4 8 37 
McArthur ....... ........ 55 | 78.0) 6.32 
McConnelsville ¢ 55 | 75.8) 5.20 
EV actnes vsdseveel scseestesunuchscascs 3.91 
Mariettad....... ° 58 | 76.4| 7.08 
Marion ...... 54 | 75.6| 7.28 
Medina ...... 50 | 74.4) 4.04 
Milfordton .. 50 | 74.2| 4.82 
ST cacksicdtedncees: 1 58 | 78.6) 9.44 
Millport ........c.00. bana 50 | 72.0) 4.77 
Montpelier ..... ©. 66aeees 54 | 75.0| 2.46 
BPOlOON.. 0... 0.0 eceee 51 | 75.9 3.84 
SINS ivinsnnerdeneschssisestscccadhc..... 2.48 
New Alexandria ........ 56) 74.2] 5.61 
ew Berlin.............. 50 | 73.8) 7.55 
New Bremen ............ 52 | 76.4) 4.50 
New Comerstown ... 54/ 74.8) 5.15 
New Holland...... 55 | 77.3) 3.80 
WF SUMMON ccccace cuckcosccs! occschenecas 7.0 
TOW PGI, occcscccceccce &4 | 78.2/ 2.01 
New Waterford ...... ose 50 | 72.3) 8.88 . 
North Lewisburg........ 52 | 76.0) 5.50 bd 
North Royalton......... 51 | 74.4/ 3.08 
Norwalk ...... .......... 54) 74.8) 5.98 
Oberlin .............. send 53} 74.4/ 2.12 
Ohio State University... 54 75.7 | 2.73 7 
Orangeville ........ eveee 49! 72.8! 8.07 
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TaBLe I1.—Meteorological record of voluntary and other cooperating observers—Continued. 


Temperature. 
(Fahrenheit.) 
| 
Stations. . 
Big | 
s | | 
sialic 
a\ai¢ 
a| & Ey 
= | = | = 
Ohio—Cont'd ie) ° o 
CRRA ccc ccccccccccvecs 99 55 | 76.1 
Pataskalat.............. 101 52 | 76.2 
i hugh 664666 56b00000 101 53 | 76.3 
Plattsburg .......... .... 101 52 | 75.6 
POMETOF ..0ccccccccccce. 100 5677.1 
ES ETECTTERE EARS TREES 
Portsmouth b............ 106 58 «80.0 
ST 64.20 a0eneehse thezhecelasneectabacas 
Ridgeville Corners...... o8 m2 74.2 
RIPOF . .ccccccccccccccces G8 Dh 77.1 
rr ere % 47 | 72.6 
Rockyridge.............- w4 55 | 76.4 
Rosewood ........00000:. wT 53 | 74.4 
Shenandoah............. 100) 49 74.1 
SD  vecceescascee cee: 101 iM 78.0 
Sinking Springt......... v7 hl | 76.1 
Somerset t........-60065- 59 | 97.7 
DRT OOLO oc cccccscccccclessccslecscesleceses 
Spring Valley ......... 101 M | 76.8 
Sylvania............0-0.- tA) Mw 74.1 
EET ccecce sbctccecese OS SS 75.6 
Upper Sandusky ........ Ws Mo 75.0 
0 eee o4 54 | 75.2 
VORCODEFE ..cccccccccess it) NS «476.1 
. >. Seer OS 54 | 75.4 
OS 56 | 73.8 
VICKOEF oo cccccccccce vos 103 5D | 76.7 
Fe Ae, SS Le 
eres 100 2 | 74.5 
WOMBOGR sccccccecccocscs 102 53 75.8 
WAVY 2. cccccccsccccece 101 6 78.0 
, 0 eee Pe Rape. LEE 
Wellington ............ 102 53 | 75.6 
Westerville....... ...... 924, 56" 73.84 
ee reer + re 
Wo errr (n iM) | 73.2 
Youngstown ........+.- yy 51 | 73.2 
TIE, FT TE) = enter 
Oklahoma. 
hs hin 66s ntkeewanseces 108 55 | 84.6 
BRREAINS Bo cccsccsccioce 104 51 | 83.2 
Arapahot ..........06-- 17 54 | 82.2 
DD ntvhihonncnie duneediongeseledeskeleosnas 
BIER Paccees ccccccssns 1 48 80.3 
GE Ve dccvescecédtsces 1m MM 81.6 
0 EE SE Haare iach 
Pe PINOT onccecsccocce 107 NM «81.0 
ot ae 106 iD | R18 
Hennessey ..........+.-. 108 60 85.2 
SOMOPHON . cccc cece — M 83.2 
Keokuk Falls............ 103 hh!) 81.78 
Kingfisher... ..... oot 300 55 | 83.9 
PERMSURS ccccccccecccsee 106 nb SOLS 
pr re 106 nS | 83.6 
EEE Fee Sy, See 
PUMEMROOF acc cics coves 106 Mm S8O.1 
Sac and Fox Agencyt.. 104 nO 680.9 
—"” ees 106 51 | 81.2 
Waukomis.............. 107 MM | 83.6 
WV EOe F scccccccesces 110 Mi 84.0 
Woodward ............. 100 56 | 83.8 
Oregon. 
BIRORE @ cccccs svccenses 86 46 65.4 
BO, ccnctcanccces -| 102 50 | 71.8 
BEE Oi cco cncccesces 96 40 66.6 
ag, EE of M4 | 69.7 
Aurora(near)............ 86 41 61.9 
Sy 70 45 | 58.8 
Bay City F .ccccsccccccece 79 40 | 58.4 
Brownsville **...... aed &S 60 70.3 
taka 666s ieendeeaee ed 30 | 59.6 
Burns (near) ............ 95 36 | 63.3 
Canyon City. ...... ..... | 39 | 67.4 
Cascade Locks .......... | 48 | 66.6 
Corvallis a@........... neo 2 | 62.9 
DOE Pecccvcccccsceces | 100 40 | 65.3 
166606060 cnsecelssncedt coacdieeeeen 
ET shtbeeiusseervee. oxax 92e 31°, 60.2: 
Fort Klamath.... ...... 874, 304) 57.34 
Gardiner ......... eenecs 75 47 | 59.7 
Glenora ........... ahesde 92 : 60.2 
Government Camp..... | 86 30 | 51.4 
Grants Pass at...... wa 2 | 66.9 
Heppner ......... rye 100 41) 66.4¢ 
Hood River (near) ...... 91 47 | 65.0 
eee Pe SE, Re ee 
Jacksonville ....... a we 42 | 67.0 
ee go 33 | 58.2 
Junction City**.........| 9 50 | 65.9 
Lafayette **....... me 9% 51 | 68.9 
Lakeviewt ..........+...| 91 33 | 62.8 
Langlois .......... pains &3 45 | 62.4 
Lonerock...... eteee % 30 «58.1 
MeMinnville ...... mien ae 40 | 63.8 
Merlin*®® ....... deeswenes 100 4 | 70.6 
Monmouth *%............ | Of 58 | 67.7 
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an ~~ 2 
i=] 3s 
— _— 
3 ° 
= & 
Ino. Ine. 
2.25 
4.19 
7.00 | 
5.20 | 
3.54 | 

86 | 


cn neeivs & 


ee ee | 
7 


WewevwewsS Ase xewisoxuwsss 
rx cao ai 
ra Ss & a 


_—s> 
a 





Temperature. 
(Fahrenheit.) 
| 
| | 
Stations. ' : 
glg 
| & 3 
}e/ 8g 
| w | = a 
|i@eta ® 
| - bat oa 
Oregon—Cont'd. ms ° - 
Mount Angel t.......... 90 16 65.0 
PES cactcdnidadd écanthseeddleceseelisanns 
NOWDPIERD 2c cccccccsces 100 33. 65.2 
NOWPOEE cons cccccccecess 73 42 | 57.2 
PORGICCOR ccccsccocccees 107 29 «68.1 
PYEMOVEIIG. cc ccceccocecces 93 34 | 62.3 
PN 5 sasitwasereees 4 48 66.0 
PPE cenensesiveuses 101 34 «(66.8 
re 87 13 63.4 
Sheridan ®®......cccssess 91 nO | 69.4 
CS ee 92 28 59.5 
PVOEGOE SF ..caccésesses 92 58 | 66.4 
Siskiyou ®® ....ccccccsees ww) 64.6 
SOOPER  ccccccccccsccessas oR 3M 62.7 
Springfield **% ........... 87 nS | 67.0 
NEE vas erage ean ted So 44 63.4 
We ON cciscdvereces 98 18 69.4 
Umatilla ....... soa oe 
WOE cwncen0cceaceseseeses 102 38 («67.0 
WORM 600+ vncasceces v7 37 «60.8 
West Pork ©%. ..cccsscess Os 16 63.8 
Wi nés ennenieen dha on 483 65.4 
ee eee ere 93 40 64.7 
Pennsylvania. 
RINGER. 666068 cunwurainss ee | 57 | 74.9 
Aqueduct ..ccccccccssece 103 57 | 78.0 
og Se Rees Fereees errs 
I cic coat Snake wee es ; oe — 
Blooming Grove......... 9 52 | 70.6 
SE UW k506'05555666% be isicelevavadtaoness 
Browers Lock seer cececcesiscccsecios 
CRMGPOR ccccccecccsccese texhetevestemebae 
CRRONSDUEE occcccccccess 8 KT | 75.8 
COPTUSIG sccccccvecevcosces Hon 57 | 76.0 
CASSRNEIE. ccccecccsaves 91 hl 70.4 
ry RReey Seanes mewn in 
Comterhall ¢ .svcccs<secss 8S i) 70.6 
Chambersburg ¢ ........ O h3 | 74.0 
SED a. sone neeraans 9 B57 | 75.7 
Confluence ¢ ......seese. Ht) 53 | 74.4 
Coopersburg .........+.. O83 (0 73.8 
Davis Island Dam f......| ccccclescseclecces 
Derry Station ........... 103 52 | 75.5 
UNE 0 oncha6sddddelepcuselcecacslssis04 
I nich nenclccceéulabave cliseeud 
EE cabnineiad 16k 40sdlwucie tassaataceeds 
DUNCANNON........e-eees). 7 Re ae 
a err Te Wr 4 | 73.4 
ER er ee on 44 | 71.2 
Dyberry ....ccccceee eeee M mM) 70.2 
East Bloomsburg .......)......j/e00. ere 
East Mauch Chunk.. ... 10 Mo 73.6 
SRGOOUR nacass ceneas canacs w 6 74.4 
Pee. ccd aueaee au 56 72.8 
Ellwood Junctiont.....sleccce lecccccleccces 
Emporium ......... Hs) BS | 72.6 
Ee eer gu 8 O71.6 
ED a icandnémassicccccclssceedlecouus 
Forksof Neshaminy *!.. 91 64 75.0 
oO! eee esse] 100 53. 73.5 
PE dccudueeuacunedsté too levsesulasaces 
FPROSPOFt F .cccccccccccccslecccce) soceesleecess 
GD Nackeoncavnnnkls. cotclascad 
GraMpIlan ..scccccsscsees st | 56 
Greensboro t ........6+. 105 60 
Greenville .. ..... acepes OS 49 
NEE F indice ectcccss a6 M4 2 
ee ee 101 5S 5.8 
Hollidaysburg . % MM) 735 
Honesdale..... ..... 100 5d | 74.4 
Huntingdon at.......... 9 50 | 73.8 
ee SS SERS ERTS Sep Menem, seer 
ND das cacesadcenensecahisacnntisesecticcens 
Johnstown t......eeeeee 99 53 | 74.3 
 raiiadeatidessingssealesinastanne 
PP cncscnnencns-sanclodesselseveusiiscens 
Kennett Square......... | 93 58 | 74.9 
Lansdale ......... PEE ee Pe ee ee 
ee ee ere 
LEDANON. ....20 cece ceeees 98 56 75.0 
LOTOYT..cccccccccccccsees 9 D4 | 71.9 
LOWIGDEPE. occccccceccess 96 58 | 74.8 
Lock Havenat......... 9S 41 74.4 
Reet PINS 6ncksescdtaiceccaclicscectacas 
aus 4) Seas Se ee ee 
LYCIPPUS «.-.-eeeeeee vere 98 56 | 76.0 
DE idaddscdades bbecaaedinnsebescsesieaesan 
i. ee Pere Sere peer 
GS isda norcbecccinidss Hebiienaewes 
Aer: reraee eee jaeraire 
Philadelphiad...........| |} 62 76.5 
PORE PEGROREE cc cccccccalesecce] <occslesesce 
Pottstown. .......+6. seen % 60 76.2 
Quakertown ¢........... | 96 M4 | 74.3 
ORR 5 ccvcccccsnccccclacses éledcees 75.6 
RONOVOG .....-eeeee svcelspees's Ree fF ansne 
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snow. 


Rain and melted 
snow. 
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Stations. 





Pennsylvania—Cont'd. 
MOMOVOS 5 c0ndcccace sees 
Ridgway t 
Saegerstown 
St. Marys.....ccccese ° 
Salem Corners.........-- 
Scranton 
Seisholtzville ........... 
Selinsgrove 
Shawmont 
Shinglehouse 
Sinnamahoning 
Smiths Corners...... 
Somerset 
South Bethlehem ..... . 
South Eaton 
State College 
Sunbury 
Swarthmore............. 
Swiftwater.......... 
Towanda.... 
Uniontown 
Warren t 
Wellsboro t 
West Chester 
West Newton t 
White Haven ... 
Wilkesbarret 
Williamsport 
York +t 

Rhode Island, 
Bristol 
Kingston 

South Carolina. 
Allendale t A 
Anderson t 
Batesburg t 
Blackvillet 
Camden t 
Central t 
Cheraw @F ..ccccccseee ‘ 


Conway t 
Darlington (near) 
Edistot 
Ettinghai t 
FIOPENCE F occcccccccccccs | 
Gaffney t 
Georgetown t¢ 
Gillisonville t. 
Greenville t - 
Green Wood . ...cccccces | 
Holland as 
Kingstree at ........ 064: 
Kingstree 4..... 
Little Mountain 
Longshore t 
Mount Carmelt... 
Pinopolis *! 
Port Royalt 
St. George t 
St. Matthewst 
St. Stephens t 
BaMGOGE Fic cciccscessces 
Shaws Forr *!. 
Smiths Millst 
Society Hillt.... 
Spartanburg 
Statesburgt 
Trenton 
Trial t 
Waele cxssccccccscsss 
Winnsboro ........++. ean 
Vemasseet .....cceeecees 
Yorkville...........- . 
South Dakota. 

Aberdeent. . 
Alexandria t 
Armour t 
Ashcroft t....... 
Brookings t & ....e.eeeees 
CGO vedcasce ce csecsé | 
Castlewood t 
CPOE ccss0c6cevenns 
Chamberlaint....... ene 
Cross t 
Doland 
Edgemont 
Flandreau.. 
Forestburg t .......++++- 
Forest City..... 
Fort Meade ¢.......++5+ 
Goudyville 
Highmore... 
Hitcheock .......... wikia 
Hotch Cityt... 





Hot Springs . 


Temperature, 
(Fahrenheit.) 








| 
g/g | 
Bigige 
“ = | 
g | & | $ 
a/R] s 
o | o | o 
bt) 55 | 73.6 
“99 | 46 71.1 
9) SO} 70.2 
91; 5b 70.7 
96 51 | 72.4 
"95 | 54 | 75.6 
segs [oahans ‘ashes 
""93'| "52 | 70.3 
96 59 | 76.3 |. 
91 57 | 72.0 
92} 54/ 71.5 
og) 62) 76.4 
RY 55 | 69.5 
96 51 | 72.6 
5 M4 | 73.5 
5 51 | 72.0 
) h2 | 71.0 
92 5917 
"oa | 53) 70.8 
09 54 | 74.8 
93 57 | 73.0 
O5 56 75.7 
81 55 | 70.4 
87 | 54| 70.6 
} 
101 | 60 | 81.6 
ay te as 
102 60 81.8 | 
as “eres 
104) 58 | 81.2 
SERIE MA, HOSNER 
sdk gues noah 
"99 | 59 | 80.0 | 
"96 | 63 | 81-9 | 
1038 60 | 81.4 | 
7 55 | 76.8 | 
100 61 | 80.4 
BOB J occccsioccces 
101 62 | 82.5 | 
“vee . " ror 
YS 60 | 78.6 
101 70 | 83.2 
09 64 | 80.5 
101 63 | 81.2 
aor) ar ‘te 
97 61 | 80.0 
sense lea ney 
an 55 | 79.0 
mm 64 | 80.2 
a9 63°) 80.9 | 
% 58 | 78.8 
98 M4 | 76.3 
OS 5 79.0 
104 60 | 82.0 
99 62 | 80.2 
98 49 | 71.2 
100 7 | 73.8 
101 48 | 73.8 
107 35 | 70.2 
95 46 | 71.2 
OS 49 | 74.4 
98 41 | 71.6 
"405 | 50 | 76.4 
Ww 38 | 65.0 
102 41 | 73.6 
100 48 | 73.8 
“y01 | 49: 71.4 
102 414; 70.9" 
105 51 | 75.4 
“04 | 44. | 74.4 
95 48 | 73.2 
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ABLE II. Stnnbaheten record -d of otnineta and other cooperating observers—Continued. 
























































Temperature. Precip! I 
(Fahrenheit.) = i Temperature. Precipita- | 
Thine Bens | (Fahrenheit.) tion. ] Temperature. | Precipita- 
3 s I = (Fahrenheit.) tion. 
| | - 1} 
Stations. ; | | 3s ia./ | (3 | | cs % 
r d Eg | op | Stations. i oa . ee ee = ” 
s | § Es e 3 | 5 d | ee. Se Stations. . ) = 
Blige!i,|s*|—§ s/s | weise gg Eg 6: 
_ | = o- | E | F sa a S eo 4 
2/|8 3 § a | = Big/|#*/_* } | ze ise 
si zeliz/|2@ /é | Higigig€ i$ Big|/g/|#*|.§ 
es = | Ss) s g 2 ! " 3 es - 
| | = 2 s 
South Dakota—Cont'd. | ° °o | o Ine. | I a a A a = 
Howard t.. o3| 48 73.01 5.36 ns. Teras—Cont'd. | 9 | ° ° | I | 
Kimball t. 1041 46/9441 238 College Station? PAR Ins. Utah—Cont'd. o|o]|o | 
Leslie? 104| 46 | 76.7 | 0. Columbiat...........0-..| 98 | € | ga | Oat St. Georget.......... 110, 49 fas. | ins 
—— 98 7 3.0 3. = a ay OF arvee eee 64 | 83.4 > > aarti 6 30 as - > 
enno 10: ; . irs lines casenmennans iby 4 Snowville ..........0.... | : —| oo 
Millbank me) Se) oa EMINENT sctscpesaneanensd ei | 85.6 | 1:34 Soldier Sumimit+........ Ss) Sissi Se 
heohell * Bs ees ade vee | 108 46 +33 oa eevee t encccceesoesce 66 | 85.1 He bese y __ cco anit aa 103 - <<? he 
DE Prcsecnccscsssens oa a DD ccccsrcccecceccseese lomo! 1 De iscntsiniecopsies | slaeel aa 
Parker? «2.000. .000eeeees 0 = oo} as Dublin t .......seeeeeeee Sins a 38 I TOOSES . 0.000. ccsccc coos] i = 67.2 | 0.58 
Parkstont® .....cseeeeee 9 | 45/720 oo DURE ©® coves cncccscsesse = ioe | 0.00 SE aicticcnandtesenes =| os 70.4) 0.91 
Plankinton t...........++ | 105) 48 752) 4.18 area! spiennenneaanneséo’ 59 | ar ey Woodruff ...............| 90 | = 2 = 
38 | 73. . | _* FHRepeeeorppreses ; ( Vermont. sige) ike: 
ee his 0} i Forest burgt........ ..+++ = aps t Brattleboro ............. 96 50 73.0 | 12 
46 tae) 4.45 pore Shege odgetoe. cade dia 62 | 86.2) . 10 ot meg Disdcdcacaenus 96 9 ap ° = 
lonel a ‘ort MeIntosh........... . oan 1 thelsea F....... .eeeeeees no | 0.7 | 10.6 
Bi | 70.7 | 0.48 Fort Ringgold + | eles oe Cornwall os soees. ‘| fl almrl en 
5.4) 1. ort Stockton.........../.0. ‘hecepasd Very tnosburg Falls......... 4 >| on 4 eo 
Wentworth t ........5.. | 7 | ye 74 ae Furt Worth?.............| re “64° a7 ot! tH Hartlanc cn anit a1 “4 69:6 . 
Wessington Springs.....| 101 | 90|73.7| 3.83 Fredericksburg *t!..'..| 102» 60 od $40 Jacksonville rencorererrl Sl Blasi ae 
‘ennesnee. ‘ . Mithamd...... eee eeeees | ¢ ; : St. Johnsbury ......... 2 ~ | ma r 
Andersonville........... 96 87 | 75.9! 5.39 Gainesville t.....+-++ +++ pe 4 94 = Strafford “th Sjaaaichabhe ° dap = 
Arlington? .....-..++...- | yo! 88/816) 5.67 Georgetown............. 4) or Vernon °®........c.ccc005 95 2 Se; Se 
HOE REE | Beach 7 3 GO} 5.6% Grapevinet.......eceeees "305 | 58 ‘an 4 } O.17 ——” aoegetetnietengenate 91 = 33.8 13.65 
Ashwood *¢! .........+. i00 | 64 80-1 | a Hale Centert............ | 101! 86 ap 0.08 Woodstock .............. 9 os 71.3 | 10.07 
Benton (near)t.......... | joo| 88/788] 5.33 | Hallettsville? ........--. in| 65 | 866 | 0.52 ~ Virginia. a) oe 
PF cove. ccvccsess De aaas atl fs > D PT. cc ccnsneceuesace r, - 7 , exandria.......... ne 
| eee ets I j00' |" "5a" aol ee ID spss acaakews 108 08 a7 8| 0.00 SN ie ciasaenahs - 50) 77.7 | 4.6 
TT dinkatioovesanced | os) 50. 72.9 ee | H@WIE.....00.ceeeeeeeeeele o) oe Barboursville.... ....., 9 | 58 a) oo 
Brownavillet ........... 103; 58 83.5) 0. S OS RRR CES "gg | "t0 | 84.8 et; Bedford City .........+-. oR | 0) 65 
Byrdstown ..... ......+. os | 52/754) 4 | Huntavillet ....0.....6 | soo! 66 | 86.2 2.00 Bigstone Gapt. eas 4 76.3) 1.70 
SE $550: anesee . 95 53 74.2 7.83 qneten CUEY oo ccccceces 108 mere ry ee = alg Lnecaecn 91 ~~) =. .s 
MOF oc ccscccccsseceslessess i Ss Se deeperies Best anton earite | 2. acksbure.............. ‘ 9. _ 5 
Center Point t.......+..: aad Seta ate . 4 IN csaids snknctebhdlenenes yD era oa Buckingham Prone. vasves OM | sige! so 
er Jt seeelocceceloneses | 3 01 | Lampasast .......cccecee| | 108 | 88 | 85.4 | 0.80 Burkes Garden......... 88 5475.8 | 2.92 
Covington .........+..... "jos'| * 65 "83:8" | 5.30 ED Cncicisudecbdecse (Bt Riect & 4) 0.4 Callavillet ............. | oe el oa 
SS RRERER REP 98 B4 (77.0 het eines | 108 | 30) 88's | 0.00 Christiansburg t * GCE: 57 | 77.4) 5.08 
Dyersburg | sor] sala@eal 2ii Longview t ......0c00000s | | alae! aes Clifton Forge ......0...-) gery eteetteste | Oo 
Elizabethton t sa | 7561 6. 1 DT cissduckkenshsans os! 64 8 4 3 03 Dale Enterpriset........ | 48 73-7 | 3.78 
kik Valley .... | bv = ag | Ss Luling Lek Stag aE» 108 ; + te soni” ial dee pat i 4 72.9 os 
PBs caccecccecccsses SF) TE eccceccuccecus castes 7 4 .f Mb lncascaleceves 5.57 
Fairmount *!............ | , =. yA ne Marathon ...........c0.. j = + te 0.43 Dwale eS aaa xfs SNS Seb 3.0 
PIOTONCOF ...ccccccceceee | 100 88 ca 3 } te Menardville ...... ....-. 103 BB 816 0.38 Farmville ....... Se a a Pa 4.09 | 
Franklin Slatuciecael ae =e .. Midland . ae et ge neee sens | joa! 5a | 80.6 | 0.00 Fredericksburg t hah oad 95 4 = 
Ce eeererereceees sessleceecelecess oh: ae BMCS Po cccccece i _ ordonsville ...........+ anier?|... 
Greeneville t aroeese aes Iga | bs wr = New Braunfelst ........ po = ap 3.08 Goshen mac Linkcenmenbe ge 68 | 77.7 testes 
aerore Ratasstrerereee %| 52 762) 10.10 Grenast Seccesvccescseens % = ? to Gouhame Forge .........| 9 47) 71.1 4. hag 
Da vactecves ‘ol as i bhnesendeesaseqeses , so| 2 SR ccc doeceeaces 1 . ‘ eo | 
Hohenwald ¢........... Lon = 4 1| 8.26 Point Isabel®?!.......... = 4 85.2) 2.27 Hot Springs ............. p+! 65 | 79.5 | 3.27 
Jackson ¢ 55 | 80.8 + Rheinland ¢ ............. 05 56 Hy | 0.00 Leesburg ......:.++.+ +++: 38 hescel B > 
Johnsonvillet....... oe 52 80.0 te ODY ccccee coveneeeeeess 100 56 | 8 6 | 3.34 Lexingtont.............-| | 90 | na | 2 @ | 2 04 
Jonesboro *! . 61 73.0) 5.73 Runget .... ..ccsceeeees 104!) 69 a6 | 1.39 ET b0066e0..asseee6es veal ened Et 
Kingston f.... «66... 00es coat re San Antonio............. | 104 68 88.4") 0.00 | Manassast...............| | 0 | Bb 77.1) 8.72 | 
Liberty? ... "SS teil 4 Sandersont. .... ~-s| 104) 49 & 9 0.37 i ctcasecuetacbens o4° 56 | 77-1 4.14 
SE chibiies taaneeniicatan a er = San Marcos ?)t | 103! 68 3) 0.0 Monterey ........-......| 86 Y- | 73.8¢) 4.97 | 
MeKenzie* aa | a" FALG'| 735 Stafford tee Gr Jossse-lnssve-| 4.00 Petersburg? m| | mee) Sa 
DP cccccess covecs 102| 57 4 ’ ‘ WEE Fo vcccccccscccese] 101) 67 | 86 i? IED 65, 90 cpnenseece teat 
MeMinnville+ evcsvescoes | | 55 s .o gulpbar Springst ....... 107 | 63 a4 ae Richmond (near)t....... 100 ~ "334" | 
© eeece cece veces | ; @ ccccee sevees vs . ockymountt . 5 | ~ | oe "on | 
LR anebesstes | 104) 85 | 82.6 | 1.80 iat... 104| 68 | 86.4! 0.30 prayed 95 | 57 | 76.9| 1.91 | 
Molino tin -cecsssscss.] 108 8B) TV.4| 4°66 Tyler ees vccsseccce:| We) oo | we | Tae ni PRO omomsest Wey Mier honed Bo: | 
| 94! 85 76.6! 3.50 Ve PE iinvunvuue wens | 106) BO oT 4 | te Spottsville f.......c.c.) 0 | By | 7838) 3.99 
9s 53977!) 2.38 wees? peeerecescccncooces 105 eias| xs | Stanardsvillet.......... 54 74.0 3.99 | 
06 on" . faxahachie t .........-. | 412 6) OR Staunton t............ | 93 | 5 | T4. +e 
100 ~ =? or Weatherford t........+++ 108 1 ty | 0.40 Stephens City t re = | 36/743) 3.70) 
100 53 | 79.3 | 24 Wichita “eet Seceeeseos Pees e 3 | oo Sunbeam ?t............. | 04 60 | =. +? 
7 85 77.2| 7. tah. mgt ait: aes Swords Creek .........-.| nay “ae | 
o1 ss op be Alpine City ¢ .........++. ee * Warrenton ............. | oolong, pares 6.81 | 
RUDY «000. cccccccccccecs | 94) 49) 73.2) 6.55 Blue Creek **............ "08 | aa | paca 0.54 Warsawt ........5 ess 4! 56 | = 4.00 
= * Ree 105) «5079.4 3.14 Brigham City f ....--+-++)..00.. 74-4) 0.10 | Westbrook Farm........) 97| 62 4 6.56 
Sevannsh Bquende eceteos | 105 | 53 812) 3.46 Castlegate .......... 605+ oa | a7 |'6a'1|| 1.03 Williamsburg ........... | go| 60|74.31....... 
OWANCE F oo. ee cceee eens | 91 53 73.6. 7.21 Cisco t Cevessecececvencece 105 re a0 0. 46 Woodstock t ........ | 100 5S one ta ae ‘| 
Silver Lake...........++. Bhat | 698 OPTMRE. 000ccccccccscces 98 >| 69:7 0.65 | | Wythevillet............. | §2 96.5 | 4.38 | 
Springteld eeseccees es fia i) ‘al 618 Croyéce Pieteauahaae: Sin o4 = pat a Washington. | | eres) oe 
gfield*!............ 98 “al 3. | Ferrom......eseceeseeeees on| awiltial aan | Aberdeen......... xe . 
Sylvia | 100 = =e | tr TS eee 138 . Lap | 0.48 Ashford ¢ ................| eS; e;3s) -S 
A A tae wel Biel oe Fort Duchesne t 98 | 34 | 67.5 | 0.19 Blainet... .............-|, 82 | 36| 56.6 = 
Tracy City .....-+000000: 97) 49 782) 8.45 | Frisco ........++0+. ] wor) 40/718 | ote Cascade Tunnel......... | $o| a see| 09 
5, etalon | 99 | 8879.21 1.56 GES F cccccccccescccces 108 43 71.5) 0.16 Centervillet | 9g 4 | 68. 0.40 
Tullahoma +............. Si niwel as Heber...... ASKER IOO DS | “97! 30 77-8) 0.43 Chehalist.......... 98 42 | 6.8) 0.40 | 
Union City t..........0++ 100; 54) 80.4) 223 Huntavilic..............Jese- =o Sa SM thecnks <isiné. oa: 9% OS) iss 
Waynesboro ............| 108] 61| 78.4| 3.98 SEIT vena caxencexsons I"*y00'|"""a0'| 0:3 | o:a0 | Couperiieg cc) | 43 | S88 148 
A Texas. a LVAD t ..0.sescreeseceses o7| $8 | 686) 0.28 | Bllensburg #2200000] 94] 44 8.0 | 0.17 
rthur Cityt ......... We) Se 2.98 PRS aasonnnenvenanecvenes | 96] a5 \en4| 0.49 | Ellensburg (near). ....| 102| 46 73 | OF 
——, eequnaaeess 103 | 65 | 85.2 |.... BARE cccccccccccessoess | 94) 44 os 0.49 | | Fort Simcoet.........., 101 | 42 me) tT. 
Uimmer t...... eee eee 101 57 82.3 3.28 Mantit ..........eeee sees | 406! 34) os 0.71 | Fort Spokane .......... 101 0.0) Tf. 
Beeville ?............ "| 308 | 68 | 87.0| 0.15 Si inticwccapeore ‘8 | 0.28 Grandmoundt .......... & | 0.3) 1.6 
peance’ sorereosensooees 108 | 68 | 88.3 | ‘ — mk tae) abet 9, 96 |" "40 | 71.0 | oa Hunterst.... ..........- S . re: rp 
Brazoriat . oT oe nominee . eet er eseneds 35 | 56.0 | 2. 
BLOSOTIAS, seecceecesneene] 9B] OB) SRS) OF || Mount Pleasant? ....... 9% 48 | 73.9 | 0.80 ee crereereeans wr | 45 | 72.1) 0.63 
oo. coeceere| 108) 77 | 88.3) 0.08 we neaees | 410! 38/1 72.2!) 0.59 ee fidneeannnsieaes 92!) 45 | 63.0) 0.50 
See ee eee eee ell eeerceccese | - | = @CSIGE «6s - ~ 9 q 
Brighton ¢.. ecco Sl Satara “ae || Ogden d.........-. =o) 2\75) Ft. pn clans 9 | 47 | 68.0) 0.88 
Brownwood paanevens = e | 83.0 ons ne: 4 “ i1-9 0. ra aR toerewucsenees = 39 8.4 0.66 
 Partebeaeapirice . te . Park City? .............. ‘4. :70| ‘|| Madrone?¢.......... .... 7 | 69. 0.88 | 
Cam Eagle Pass t..... | ae | bs 4 ats | Perewan?«.............. ’ ro =e 0.15 Mayfield t. 2... SAMA = = 61.4) 2.45 | 
Childress ooo... sc0ses 101) 59 | 81.8 3.71 I atatncddigmedonet | S| g6| ese] og | Moxee Valleyt.......... ei Sissel cel 
oleman®?......sccccccelecee «| 64 | 82.3) 0.65 | Promontory*®........... | y03| 31 728! t~ | New Whatcom ......... 83 ciasl te 
82.3! 0. Promontory ®®...........| 108) 31 | 73.8/ 0.95) || Northbend .............. Sins! ik 
| 30! 64.4) 0.08 | ia a1 | 40 | 61.9| 3.84 
Coecercesceseses cess 71 48 | 57.8 1.38 
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TABLE II.—Meteorological record of voluntary and other cooperating observerse—Continued. 












































| ! j 
Temperature. Precipita- | Temperature. Precipita- | Temperature. Precipita- 
(Fahrenheit.) tion. | (Fahrenheit.) | tion. (Fabrenheit.) | tion. 
3.15 | | IZ ls / {| | |g ds 
= = is 2 | | | is lo 
Stations. , Es Bs Stations. nm F ae Be Stations. 7 oon | Ey | Bs 
a : 70 | So _& 8 70 | So | a o 7o | 25 
= } ea | Va = S sa | Mae 3 s | | ga |7e 
S P an T £ P an @ | E | i . | ge | _& 
- a “a = | a - = | a | _ 
ui s 2|38 3 a Ss |38 3 lelaealigisa {3 
Cia | = l|a@i/f\;sais > }@a|s oi 3 |3 
. a || Aa /| a (a | ai elie le | a/R |e | ew | 
Washington—Cont'd. ° ° ° Ins. | Ins. Wisconsin—Cont’'d. | 9° | 9 | © | Ins | Ins. Towa. | » | _ | : Ins. | Ines. 
Olympiat .....cesceeeees 93 41 61.4 0.89 ic cancenvaces Tisanastenaseetacnes | 3.19 | | Rockwell Oley. ..6sccccsleessss ches os 0.92 | 
Pinehill t ........-0.0 000s 4 45 66.8 0.28 Neillsvillet ....... ..... | 94] 48/ 71.8 | 2.93 | Kansas. 
POMETOY. « «+++. + seers vee 96 52 70.7 0.47 New Holstein ........... | 98 51) 71.7) 1.50) | GOOGIARE 0 civcasccss cece 101 45 | 74.0) 3.41 | 
Port Townsend ......... 75 45 58.8 1.30 New London ............ |} | 52) 72.4) 8.62] | Minnesota. 
Pullmant........0e++e+0- of 41 62.0 0.59 OCONEO 2. ccc ccvccvcccees | |) 50) 72.1) 4.49) || Campbell. .........- eee. | 93) 25 | 61.6) 5.40) 
Rosalia t ....00ccccccseee 93 37 «461.0 1.18 OsCOONAF 0060. cceceevees | 93 | 46) 71.2) 4.94 |, Granite Falls........... | 92 36 | 64.4 4.14) 
ihe teen d waignny &9 38 619 3.86 CS SETI EAS OOS | 94 52 73.2| 3.64 '| Winnebago City......... 94! 383! 67.4 3.96 | 
Silvercreek *!........... 0 4 6.4 2.37 PEPID ...cevccvccccccccece 96 47 | 73.8 | 4.73 | HI Nebraska. 
Snohomisht ..........++- M4 2 61.8 4.00 Pee RUE? ccrvesecnvces 95 49 | 72.7 | 2.89 | StnOe FORM cass save sve |} 102 39 | 73.0 | 2.01 
Southbend .............. R2 42 60.4 2.19 Se ee 99 48 | 73.4 | 3.51 | } Nevada. | 
Stillaguamish ........... 83 39 59.4 2.92 Port Washington ....... 95 51 70.8! 3.56 | || Gold Creek *'........... | 82 26 | 56.4) 0.57) 0.8 
Sunnysidet ............. 102 42 69.3 0.47 Prairie du Chien ........| 102 53" 76.4 | 4.68 1] New Jersey. | | | 
Union City t .....6.- eee 86 44 63.21.08 RACING. ...600cccesccccees | 54 | 73.5) 1.98 | || Readington **...........| Bi G0] TRS bececesc 
WRONG vassesesssesccess 82 45 61.1 1.10 SRDEEE .0ccccecccasvees | 96) 47 | 72.4) 1.96} | North Carolina. | | 
Watervillet.. ...... . % 33 61.0 0.85 Shawano ............ 000 | 94) 49 71.6) 3.68 | || Horse Cove...........+.. | 9) 51) 71-5) 6.81 | 
Wenatchee Lake........ 92 $8 | 00.7 |....... SPOOMOFF..cesccccscs ove ou 52*| 75.9" 5.05 | ! North Dakota. 
West Ferndale.......... 85 39 «56.8 2.00 Stevens Pointt ......... 96 51 | 73.0 | 2.34 | Dy EAGT s cc4s:scgeccve scones | 96 61.8 5.18 
West Virginia. Sturgeon BayCanal*" | 85> 54) 68.8. ....... © MO aeaccsnisednccseces 96°| 25°) 61.6°) 1.32 | 
Beverly t ...-+++-+0+++++ ‘ ‘4 73.6 9.8 Valley Junctiont....... 9 | 46 71.4) 2.26) Oklahoma. | | 
Bluefield t ............+-. ; 5.7 WER socks cetursicewtns 9% | 52) 72.4) 3.98 FO er Perret Aen Cr 2.09 | 
> Buckhannon at WatertOWR? occccscecces 9h 51 | 72.7 | 3.98 | South Dakota. | | 
Buckhannon 0........+.- g t 5. WIND <ciccavencsss ty 54 (73.4 3.20 |) Faulkton ....ce cesses ees 96 28 | 63.4) 5.18 | 
Burlington t.... 3. Waupacat ............. | 98 52 | 73.7 | 2.24 | Texas. | | 
NE Paces soccevenlscecssleiunsclasents 4 oo eee 7 50 | 72.6 3.42 | | Henrietta..........+. 004. 100; 52 | 78.0) 4.96 | 
Dayton f.....-0.-seeeeees 7 Wausaukee ............. 96 52 / 72.8) 6.54 || Mount Blanco .......... | 108 43 | 75.8 | 3.06 | 
Se reer 7 ll See, 96 | 54) 72.6) 2.09 ! Virginia. | | | 
Fairmont t ..sseecceeeee cesses ceees 3. Westheld t ...00.00000000: 9 | 51 | 73.2) 2.88 || Doswell.......-+. seeeses|soeeee| eeees lethag | 2.88 | 
Glenvillet...........00+ 92 SM 74.0) 8.93 Whitehall ............00. | 99) 44/1 74.4! 4.58 | Washington. 
Grafton t .....+-seeeeeeee 91 51 73.4 (6.24 White Mound t.......... 99 49 | 73.9 4.20 | Pomeroy... ..--cececese| 86 | 42/| 62.2) 4.38) 
Green Sulphur ......... 91 5473.7 4.98 Wyoming. | Mexico. | | 
SOND PONS © ciiss cae. clesscnclssevesteonses 4.12 Atlantic City ............ 90 28 | 60.5 | 2.26 | | Topolobampo*!.........| 93 76 | 83.7 0.00 | 
Hewett t ....++++-+eeeeee 101 53 7B. 7.46 Big Horn Ranch ........ 89; 32/59.9 1.09 | 
Hinton at ...e0.ese0se0ss cosas eovnee aoe: | 5.08 aint licksnastnt 103) 37 | 66.6 | 1.20 | — eee 
MOOR OF occccvccecccccs a8 54 | 75.6 |..cc0ee Fort Laramiet........../ 104 41 71.0) 0.99 
a peneeneeweces v7 55 76.0 6.04 Fort Yellowstone t ..... | 89 32 | 60.2) 1.11 | | EXPLANATION OF SIGNS. 
EWOOG «ee eeee cece cess s 50/71.0/ 5.35; || Laramic.....ccccccsccece 8 | § if 2 
lesen Wieantadcdnesees +} 49 60 6 5. 6 we cueaii' aadanoeee 108 37 $0.7 108 | , * Extremes of temperature from observed readings of 
Martinsburg? ........... 9 56 76.1) 2.85 Sheridan ...........-.... % | 41/652) 0.16) ii ~- - oo 
Morgantownat.... .... 101 52 75.2 5.55 Es ah RTT LS STEN of 33 | 66.0) 0.58 | ea ny ae ~ anges need B — 
New Martinsvillet...... v7 5497.3 | 7.88 SamGaUOS ...ccccces 0k 88 43 | 64.6 1.98 + 9 yy ~ 8 . y 1 ~~ wed o>: om- 
Nuttallburgt ... ....... 9%) 35 72.2) 8.20 Wamsutter. ............| 105 | 30 | 65.8 | 0.08 | ey on the ¢ sal ye te he tone —_ 5.150 to 
Oldfieldst........... 2.5. M 51 72> 2.97 Wheatland .............. | 102) 45 73.0 0.98 | oF ounty, Cal., at elevations varying from 6, 
Point Pleasant?...-..-..) we 38 aae| Ror Ciudad P. Diaz. jor) oo saz) oss] |, Amumeral following the name of a station indicates 
Powellton........-..++5+ % 53 73.8 6.34 Leon de Aldamas........ 4 55 69.5 8.32 | - hours of eeerseree from which the mean temper- 
Romney eeecceccesese @ ° 95 55 «(76.7 3.65 Topolobampo ee | 95 | 79 | 8.5) 1.67) \| @ Me see alne 42 us: +9 m +9 m.+4 
Rowlesburgt........++++/...... ivan? Tennes 4.47 New Brunswick. I! . mone ve 3 a.m Ts p. a 72 p. m. Pp. Mm. + 4, 
Tannery *!.......ceeeees: 91} 88 68.3 |....... St. John ...... sy ae | 9! 48) 60.5| 2.74} | snel ta aie h oe 
Weston }*f! 96 86 | 75.7 |....... West Indies. PZ —_ - : a.m. Ti p.m. on 
WOOTEN OF. cc cccccccecelsccscs osesslesenee 4.42 Grand Turk Island...... SERRSE Bae eee. 0.98 5 — of a 2 oS 2 
WMO, ccnccsccnces 101 61 79.4 5.69 | | | ; Mean of 7 a. m. +2 p. i be - on 
WhiteSulphurSpringst. 93 46 75.9 6.59 - Per nd sane Be ogg sigan spoiaaiaes 
pe. — hina % 49 T14. 2.83 Late reports for June, 1897. | 7Mean from hourly readings of thermograph. 
Pi iinchaksinies 7 45 712° 408 * Mean of 7a. m.+2p.m.+9p. m. +3. 
PEED ccesctccsecs vesees % 44 70.7) 5.54 | | Mean of sunrise and noon. 
EL catcccekanehs en 91 46 69.0 8.21 Alaska. | | Mean of sunrise, noon, sunset, and midnight. 
BOlOlt ...ccccccccesccsess 95 i475 2 42 Coal Harbor............. 68 33 | 46.8 | 2.35 | The absence of a numeral indicates that the mean 
Butternut ..........+.... 100 42-732 15.11 Arizona. | temperature has been obtained from daily readings of 
SED peusavesess«sanes 9 51 72.4, 2.08 ee nsanviinidatudlenban Staten Bais 0.00 | the maximum and minimum thermometers. 
Citypoint.........0++ +05: 9 BW 7.4. 1.20 Dudleyville ...........6. 104 | 44/| 77.4 | 0.36 |. Am atio letter, following the pase of ® station, as 
Crandon ..........+.++- 9 | 51 74.0!) 1.75 SE ictttsneinennssea 107 | 39 | 75.2} 0.20 * Livingston a,” “ Livingston },” indicates that two or 
Delavan..............| 97 | 50/|%8.7! 2.32 Arkansas. | more observers, as the case may be, are reporting from 
Dodgevillet.........+++. % Sl 738 2.48 ND ccamitrraarenesséaubysiepibigeia anaes 6.32 the same station. A small roman letter following the 
i Cceneeeesaxstenns 9 50 72.6 3.50 PN Scmiecehicsesevnelsoss: Lonrsedbensias 4.87 | name of a station, or in figure columns, indicates the 
‘ Bau Claire.........00cc.. % 45 734 3.98 California. _ number of days missing from the record; for instance, 
Florence ¢..........+..+. % | 45 69.2 4.65 COME, dase cssixsavees | 77) 60/ 67.0! 0.00 | ** denotes 14 age ee. » aaithin tt 
Fond du Lac ........... % BM 724 2.19 RIOR SR Tiaee Soeiy 5.76 | 7.0 || Nonote is made of breaks in the continuity of tem- 
Grand River LOcKS......2)...ccclece-ccleccccs 4.78 INS anccdvucededis | W 40 | 67.0 T, | perature records tonne | = on do . = eg — 
Grantsburgt ............ % 48 72.0 9.67 Marysville...... ......+. 1066 | 54/73.0| T. days. All known brea eee oe 
Hartford ....... uniscdeevbackiastooourteceaus 2.7 Morena Dam..... ...... | 90 | 40| 65.0| 0.00 precipitation record receive appropriate notice. 
BOROGERE fF .ncccccces cove a8 51 70.0 2.54 Napad teeta ween eee eneeee 104 44 | 66.0 0. 46 CORRECTIONS. 
SE canescsevecsessues rf 51 73.3 4.08 | Point Lobos..........0-| 71 47 | 560) 0.25 
Hillsboro.......-....++++ 95 45 71.6 4.16 | Tecarte Dam *4,......... | 106 38 | 62.0 | 0.00 California, Oleta, June, 1897, make mean temperature 
Hudson..... .....-. suchen ud insaounisagaus 3.38 | PWIATOC.00.0s cccccscccees 108 48 | 74.0) 0.00 65.5 instead of 64.9. 
Koepenick *t! 96 56 68.4) 3.7 Colorado. Texas, June, 1897, page 272, make Henrietta read 
Lancastert ............. 98 51 74.4) 2. COBB so ccc cessenacsesecces 95 89 | 68.0 | 3.24 Kerrville. 
DE oicteuadoseses Leesanhlwadaen 72.4) 3.52 D DERE ics scscssescenes linndc tiveansspinaan® 2.92 Maryland, Port Deposit, May, 1897, make precipita- 
OO ae 95 57 | 75.3 | 1.7 } Indiana. tion 5.51 instead of 5. 16. 
Manitowoct ............ 90 53 69.6 2.46 Le Creer pee Senueee 4.77 The following changes have been made in names of 
Meadow Valleyt........ 9S 46 71.9) 2.37 ! Indian Territory. stations: 
Medfordt......... one 101; 41 71.1! 5.27) D iccracd teed tide sens 88 | 47 | 68.6) 4.35 Kentucky, Maurice, changed to Scott. 
* 
> 
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Tasie III.—Data from Canadian stations for the month of July, 1897. 





Stations. 


St. Johns, N.F .... 
Sydney, C. B.I..... 





not re- 
duced. 


Mean 


| Inches. 


29.79 


29.97 


Grindstone, G.St.L.|..... 


Halifax, N. 8S ...... 
Grand Manan, N. B. 
Yarmouth, N.S. ... 
Charlottet'n, P. E. 1. 
Chatham, N. B..... 
Father Point, Que.. 
Quebec, Que........ 
Montreal, Que ..... 
Rockliffe, Ont...... 
Kingston, Ont...... 
Toronto, Ont....... 
White River, Ont .. 
Port Stanley, Ont.. 
Saugeen, Ont ...... 
Parry Sound, Ont.. 
Port Arthur, Ont .. 
Winnipeg, Man .... 
Minnedosa, Man... 
Qu’Appelle, Assin.. 
Medicine Hat, Assin 
Swift Curr’t, Assin. 
Calgary, Alberta... 
Prince Albert, Sask. 
Edmonton, Alberta. 
Battleford, Sask ... 
Kamloops, B.C..... 
Hamilton, Bermuda 
Banff, Alberta. ..... 
Esquimalt, B. C..... 
Ottawa, Ont........ 
June, 1897. 
Medicine Hat, Assin 


2.4 


20.96 
290.98 
29.97 
20.96 
29.04 


20.63 


Pressure. 
“a a 
| es 
| 3 z 
| z ~ 
| 3 oa 
| - 2 
| £ | SE 
_ 
| 
= = 
3 | 3 
nz | A 
Inches. Inches. 
29.938 — .4 
30.08 | + .12 
30.07 + .15 
30.01 + .06 
80.06 + .13 
30.01 + .09 
29.98 + .10 
29.97 + .13 
29. 95 + .08 
29.92 | -+- .04 
29.89 .00 
29.92 -m 
29.91 — 038 
29.90 — 
29.92 | — .06 
29.92 — .01 
29.91 - .O1 
20.86 - .02 
29.50 — .00 
29.83  — .01 
29.81  — .05 
29.81 | — .0 
20.54 — .06 
20.83 > — .07 
BO. 7S jocccess: 
29.87  — . 
SD. GD foccccses 
30.17 | + .08 
29.89 |... . 
30.07 
29.95 | occccee 
29.81 | + .02 


Table IV not received. 


Temperature. Precipitation. 


Mean. 


~D- 


rap tHe dad, 


+++ t+. 


2-2 OS me eet 


a 


ae 


zs 


Departure from 
normal. 


i ea 
—trls 


te Or tS eS 


ene ee oY 


wMeaw 


” 


| 
morowe 


a 


row 


Total. 


<5 uy 
a 


oe de 09 OF So et ee st OF ee 
~ &* 
st 


Departure from 


normal. 


Inches. 


Prevailing direction 





of wind. 


44547; 


a? 


agaaeee 





| & 
} 
ia 
}; a 
| we 
1° ‘ 

a 
i? 

& 

v 
| 3s 
3 

be 
ie) 
| & 

: > 
' 
| 
| 
| 

? 


° 
' 





{ 
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— 
a 
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TasL_e V.—Mean temperature for each hour of seventy-fifth meridian time, July, 1897. 
| | | | | 
| } | Roe | | 2 
" . p . oT . . ‘ . ; ; oS ‘ . ‘ oa eee ‘. ; ; | te . 
Stations. didi di)d)ad)/dig}ea) a) 8) Fl aid} ala| a didiag |e) 8&l el g 
di d/d@/a@}a/)/a id}; ad}ad)/S/8) 8) a] a] ala aial/ ai Sifisis 
- 7 Co) 7 re) © i- a) o = rs “ re ” oD a i- wo a = = A |e 
| 
Bismarck, N Dak.....| 64.4 63.3 62.6 61.5 60.5 59.5 59.4 61.7 63.8 67.5 71.0) 74.0 | 76.3 | 78.0) 79.4. 80.5 78.5 | 76.7 | 74.5 | 70.7 | 68.1 | 66.1 69.9 
Boston, Mass. ...... 67.5 67.0 | 66.9 | 66.6 | 66.4 | 66.9 68.5 69.8 71.8 | 73.2 73.9 | 74.8 | 75.2 | 75.9) 74.9 | 74.9 72.6 71.0 70.1 69.4 | 68.9 | 68.2 71.0 
Buffalo N Y......... (9.7 | 69.4 69.0 | 68.6 | 68.5 | 69.3 70.7 | 71.3 | 73.5 | 75.4 | 76.5 | 77.7 | 78.7 | 79.3) 79.5 | 78.6 76.4 | 74.9 | 73.5 | 72.4 | 71.5 170.51 73.7 
Chicago, Hl.......... 41.8 | 71.1 | 70.2 | 09.9 | 69.4 | 69.2 70.5 | 72.2 | 73.9 | 74.9 | 75.5 | 76.3 | 76.5 | 37.4 | 77.9 | 97.7 77.0 | 76.0 75.1 74.2 | 73.6 | 738.1 74.1 
Cincinnati, Ohio..... 74.2 | 73.1 | 72.3 | 71.3 | 70.4 | 69.8 70.4 |) 72.1 | 74.2 | 76.9 | 79.1 | 81.1 | 82.7 | 93.5 | 84.1 | 84.7 83.0 81.2 80.1 78.6 | 77.1 | 75.6 77.7 
Cleveland, Ohio ..... 71.1 | 70.3 | 69.3 | 68.9 | 68.5 | 68.3 68.9 | 70.8 | 73.5 | 74.6 | 76.1 | 76.5 | 76.4 | 76.4 | 76.9 | 77.7 | 78.3 78.4) 78.4 | 77.0 | 75.5 | 74.5 | 78.1 | 71.9 73.8 
Detroit, Mich........ 71.3 70.2 69.2 68.7 | 68.1 | 67.7 GB.8 71.4 73.6 75.5 | 77.2 | 78.5 | 79.4 | 80.0 | 80.4 | 80.3 | 90.4 80.5 | 79.2 | 77.8 75.2) 74.1 73.0) 72.0] 74.7 
Dodge City, Kans...... 72.7 71.3 69.9) 68.8 67.9 67.0 66.1) 68.5) 72.6 77.0 80.3 | 838.5) 86.5 88.3 89.7 90.4 90.2 90.1 88.7 6.4 82.8 79.2 | 76.7 | 75.0 78.7 
EFastport, Me......... 4.3 54.1 58.7 | 53.8) 55.2 56.3 57-8 59.9 60.9) 61.6 | 62.3 | 62.6 | 62.6 | 68.3 | 62.2 61.7 61.21 58.9 | 57.3 56.7) 55.9 | 55.0 | 54.9 AR. 1 
Galveston, Tex....... 82.2 82.0 81.8 | 81.5 81.2 80.8 80.7) 82.0 82.3 83.7 | 85.1) 86.1 | 86.6 | 87.2) 87.2 | 87.3 87.2 86.3 | 85.4 84.3 83.3 82.8 | 82.6 | 88.5 83.8 
Havre, Mont......... 61.3 60.1 IK.7 8 5H. 58.7 | 61.8 65.3 | 68.23 | 71.2 | 72.9 75.6 76.2 76.9 | 96.9 | 76.1 | 74. 70.8 | 66.5 | 68.7 66.1 
Kansas City, Mo...... 76.0 74.9 74.1 8 72.9 75.8 78.6 81.0 | 83.4 | 85.4 | 86.9 88.4 88.6 87.8 | 86.5 | 84.9 82.5 80.4 | 78.7 | 77. 80.1 
Key West, Fla....... 80.9 80.8 80.9 3 82.7 | 83.6 84.0) S4.8 | 84.9 | 85.0 | 85.2 85.1) 85.0 84.1 |) 83.6 | 83.0 82.2 81.6) 81.1 | 81.0 82.8 
Memphis, Tenn....... 78.9 77.6 76.5 -6 76.3 78.4 80.3) 82.6 | 84.7 | 86.4 | 87.5 SS.S) 88.4 88.1 87.4 > 85.9 83.6 82.5 81.2 80.0) BIB 
New Orleans, La...... 79.6 79.1 78.7 9 | 80.3 83.7 84.5 | 85.9 | 86.5 | 88.6 | 87.8 87.0 87.2 86.6 85.4 | 84.1 82.7 81.7 80.9 | 80.3) 82.9 
New York, N. Y..... 69.1 68.7 68.1 4 69.9 71.6 73.4 74.3 | 75.5 | 75.9 | 76.6 | 76.1) 74.4 74.2 73.6) 78.1) 72.5 71.4 | 70.7 | 70.4 | 69.6 71.7 
Philadelphia, Pa..... 71.0 70.6 70.2 4 73.0 | 75.2 77.1 | 78.6 | 80.2 | 81.6 | 82.7 | 82.5 | 81.8 81.3 79.1) 77.4) 75.8 74.0 | 73.0 | 72.0) 71.5! 75.4 
Pittsburg, Pa......... 71.6 70.8 70.3 9 72.4 | 75.3 T7.4 79.4 | 80.6 | 82.0 | 82.7 | 82.4) 82.9 83.0 88.2 99.5 | 77.4 76.1 75.0 738.3 | 72.1 76.0 
Portland, Oreg...... 63.5 61.9 60.5 1.8 5.7 | 55.8 57.5 | 59.0) 60.6 | 62.9) 64.8 | 66.6 68.6 70.7 71.8! 72.8 | 71.9 71.4 | 70.1 67.7 | 65.1 63.7 
St. Louis, Mo.......... 76.6 75.9 74.9 475.4 77.7 | 79.4 | 81.1 | 83.4 | 85.2 | 86.2 | 86.9 | 87.4 87.7 86.9 | 85.6 84.0 82.1 | 80.6 | 79.2 | 78.2 80.4 
St. Paul, Minn....... 70.6 69.6 68.7 | 68.0 67.2 66.2 66.4 68.2) 70.6 72.8 74.9 | 76.8 | 78.3 | 79.0 | 80.0 | 80.1 | 80.9 80.9! 80.0 | 78.7 76.3 | 74.1 72.4 | 71.4] 73.8 
Salt Lake City,Utah..| 69.4 68.0 66.7 65.7 64.9 64.0 63.7 63.5 65.6 68.9 72.3 75.2) 77.6. 78.8 80.5 81.30 81.9 82.3 82.5 81.9 79.9 76.4 72.8) 71.1) 3.1 
San Diego, Cal....... 64.5 64.4 64.1 63.8 6.8) 63.8 63.6 63.6 64.8 64.7 | 66.0) 67.7) 68.8 69.4 70.0 70.1 70.1 69.9 | 69.3 68.8 67.8 66.3 65.3 | 64.8 66.4 
San Francisco, Cal....) 54.0 53.7 53.2 53.0 42.6 $82.5 52.3 82.5 82.7 53.8 55.4 57.5 50.7 | 61.4 62.3 63.1 62.8 62.11 60.9 59.0 58.0 56.5 | 54.9 | 54.5 56.6 
Savannah, Ga........ 76.7 76.0 75.3 | 75.0 74.6 74.3 | 75.7 | 79.1 88.1 84.5 | 86.9 | 87.7 | 88.2 | 88.3 | 87.5 5.8 84.3 83.3 | 88.3 | 80.8 79.5 78.8 | 78.1 | 77.5 80.9 
Washington, D.C.... | 71.8 | 71.1. 70.5 | 69.7 69.4 69.4 71.0 | 73.5 | 75.6 77.7 | 79.7 | 81.2 | 83.1 | 83.5 | 83.6 | 83.1 | 828.3 81.7) 79.3 | 77.4 75.9 | 74.6 | 73.5 | 72.6 76.3 
TaBLE VI.—Mean pressure for each hour of seventy-fifth meridian time, July, 1897. 
cca i i  - 
- = ~ = = - a - ei¢ eis Q@ia|la}; al ala] al] al] al] S| SIs o 
= o o | + re) om) i- D =) = _ 4 — 7 oF + re) 2 t~ wo o = ay - = 
| 
Bismarck, N. Dak...) 28.125 | «126 | .126 | 122) .1260 132) 187) 146) 2151 | - 149 147 | 144 185 125) 2116 £110 | - 104.098 | 095 | .096 6098) 106.119 | . 123 | 128 
Boston, Mass....... 29.845 | .840 | .837 | .835 | .839 «6.847 R56 CW BR OURS CLS 853 | .853 S45 .830) .834) «(8268 826 «(W829 RBG | LR | Bd RBS OCU RD4 | «. 851 44 
Buffalo, N. Y.......-| 29.111 | .108 | .107 | .110 | .119  .127 | .134 1360 £136. 134 133 | .129 122.111 | .102 | .008 | .100 | .101 | .108 | .105 | .118 | .117 | .119 | .119 116 
Chicago, Ill......... 29.078 | .073 | .073 | .073) .079)— 086) 095) 6102) 106 | 109) 6109 | 1108) .102) 095 | .087) .079 | .071 | .067 | .060 | .058) .067) «074.076 | «2076 O83 
Cincinnati, Ohio ...| 29.299 .298 | .204 | .293  .209 307). 316 325 . 328 7 | (£328 | £33 316 302 293 | .282 27 276 279 | .285 202 «303 308 | .306 . JOR 
Cleveland, Ohio ....| 29.132 | .129 | .129 | .131 | .186 .143 | .148) .152 | .162 | .163) .161 | .156) .149) 142 | .182 | .122 | .116 |) .113 | .116 | .117 | .131 138 =.140 141 138 
Detroit, Mich....... 29.162 | .161 | .157 | .156 | .162 | .167 | .176 179 | .182 | .180 | .179 | .176 169 160 153.145 «140 136 | .141 | .147 157 165 169 170 iy 
Dodge City, Kans..| 27.390 .391  .386 .385 | .381 | .386) 397) 64066414 | 417). 415 | £409 402 301 376 =. 859 34 339 | «634 340 350 =. 361 376 385 
Eastport, Me........ 29.908 .905 .904  .9OR .914 919 | .925 930 =. 934 935  .932) .929 #3 .917 | .913  .908 WM 905 «O11 914 918 920 919 917 | 
Galveston, Tex..... 29.997  .993 | .986 | .982 | .987 | 994 | 001.007 | 015 | 021.027 | .028 023.015 | .000, «986 |. 973-963. 963 | «970 | 975.983 995 | . 997 | 
Havre, Mont........ 27.281 | .284 | .284 | .283 | .283 | .285 | .2938 | £209 | .305 | 207s «302 |: . 297 295 27 279 | .272 25 a7 | .24 252 256 «£263 277 282] .281 
Kansas City, Mo.... 28.955 .%4 .9538 | 953 | .956 | .965 | .974 | .982 | .989 | .986 «=. 985 | . 980 N70 960 951 . 40 028 921 | .918 | .924 920 =. 040 46 | .951 | .955 
Key West, Fla.......| 30.046 .083 | .020 | .020 | .018 | .022) .083 | .047)— 6055 | .060) 064 | .062) 054.043) 028) ORT | 014.015 | 025) 085 | 046.054 058 | 055 | 089 
Memphis, Tenn..... 29.578 | .57 566 | 565 | .567 | 574.) 585) 2595 | .611 | .616 .618 | .620 | .609 HOS 579 | .565 | .552 1) .545 | .588 | .543 | .556 | .567 | .573 N76 .578 
New Orleans, La.... 29.957 953 | .950 | .951 | .957 | .968 | .981 | .994 | .999 | .000 .997 | .992 Oso 970 957 | . 044 933, 929 | .9383 | .941  .948 958 .963 963 - 963 
| | | 
New York, N. Y....| 20.640 .685 .635 637 | .641 .648 | 656 .662  .663 | .662 .660 .655  .648 | .640  .630  .627 625 .627 | .632 .6387 | .647 1.651.651 | «640 644 
Philadelphia, Pa....| 29.844 .840 | .839 | .842 | .846 | .854 | .862 | .869 | .870 | .870 .866 | .860  .846 .835 | 826.820) .819 .824 .830 | 836 | 846 | 6851) L852 |. 85 .846 
Pittsburg, Pa....... 29.089 .088  .084 | .O88 | .004 | .100) .109 | .111 | .113.| 112.108 | .100 | .098) . O82 | 071.063) 058). 058) 6068 | .078 | 083) 6088) 093 | «004 |. 088 
Portland, Oreg..... | 29.914 922 | .929 | .982 | .985 | .987 | .941 | .946 | .952 | .955 .958 | .957 955 .951 943 | .934 | .919 .910) .904 | . 895 894 =. ROG 005 916 «929 
St. Louis, Mo........ 29.371 368 .365  .365 | .372 | .380 | .392 | .403 | .409 410 =.408 | - 404 396 | .385 | .373 | .364 | .351 6344. HB | ©3845 | «353. 361 369 372 - 375 
St. Paul, Minn......./ 29.011 | .010  .010 | .012 | .009 | .010 | .016 | .021 | .022 | .025  .025 | .026 | .020 .013 | .004 998 | .990 .987 | .979 | 980.986 .001 011 | .012 | .007 
Salt Lake City,Utah, 25.662 | .663  .661 | .661 | .664 | .667 | .676 .687  .696 | .705) 711 | .710) 706.097 | .686 674 | .665  .649  .639 | .636 | .636 . 644.653) .660 |. 671 
San Diego, Cal...... 29.863 | .862  .860 | .850 | .845  .844 | .843 | .849 | .861 | . 871.875 | .878 ) «. 880). S80 | .876 | .869 | 860.851) «843 | 8385) .83S) 6843 82 | SGI . 858 
San Francisco, Cal..| 29-809 .807 .802 | .799 | .795 | .795 | .800) .805 | S818 | .828 | . 8386 -839 | .840 | .838 | .830 | .821 | .809 .797 | . 780 | . 7K | . 781. 786 706 | .806 809 
Savannah, Ga.......| 29.928 .922  .917 | .918 | .926 | .985 | .946 | .955 | . 968 -964 962 .957 | .041 | .927 | .915 | .906 | .902 | .904 | .915 | 922 | 934 40.942 | 40 | 983 
| | | | | | | 
.861 .871 | 876 | .875 -861 | 848 | -837 | .831 | .828 .829 | .834 | .839 | .851  .860 .803  .862) .854 
' i 


Washington, D. C...) 29.853 | . 
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MONTHLY WEATHER REVIEW. 


Jury, 1897. 


TaBLe VII.—Average wind movement, ete.—Continued. 
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Tasie VIII.—Resultant winds from observations at 8 a.m. and 8 p. m., daily, during the month of July, 1897. 
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TABLE IX.— Thunderstorms and auroras, July, 1897. 
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Stations. 


Albany, N.Y ...... ss ecssesoesss cesnce sees 
Atlanta, G& .... ccceccens coceee sees coeeee 
Atlantic City. N.J ...... cece cccceccceees 
Baltimore, Md...... eccceces esocsencoseces 
Binghamton, N.Y..... «.... Seeoesececces 


ORG, We. DOR. c-ccccce sevesceecccces 
i. TD. cosccesnesceseseereeses eves 
Buffalo, N. Y. ..... evcceseece eeseseoseecces 
Gee Be Gan cncecceee csccescecesese 
Chattanooga, Tenn ..... «.... becene oes 


Cheyenne, WYO .......ccceecceees ececcens 
Chicago, Ill. ........++. 9 65nese Ecosse eecece 
Cee, GED so ceccccccecesesonscecvees 
GEOVGRNNG, GOED cc cccvcccccccecescccevcces 
Ge, Gee cccce cececesceses eveeese 


Denver, Colo ..........+- ov coocececeseceoee 
Des Moines, a eedandeaceeee 
i a 
Dodge City, Kans ...... ones t0neee cans cece 
UE 0 sn00e éck0ds césecenssccee< 


Eastport, Me...... Oebseerecesceoecoeceses 
GA, PUD seocccceccecccesesesces eaneeuneese 
Dh Ul bchobs 6660000000dedennsene'es 
JCI .tcncduaendd sess e0ecesesves 
Galveston, TeX .........0eeeeee eeesece ose 


Masrinbares, PS cocescecccccccce vce oeeees 
DEL DEED nsec cecccesveseoceeesceess 
i PD ciscs seeedecvacsesees 
Indianapolis, Ind... .......ccccececeeceees 
MORONS CHG, MO cccccccccccccccccccescece 


Sr UPOUe UD 0000. cocccece cece suse cesone 
i ts J. cxseneubbetevensetsesese 
sh Cliiinoveses 0606eeucses covers 
DNUGEEEL, Ebi ccncedcncececees cacecee: cece 
Minneapolis, Minn..... eo cecece eeecce ese 


Nashville, Tenn ............ éhed eneaneses 

New Orieans, La........... ecencecccees ee 
Sy MT Is Wececndsese coos eces cevceess 
Northfield, Vt....... pbtebeddsuensseetsece 
ls PEE eccuccedesccene cee cssecesees 


ih <csnieedescees endceseecere 
PE, MUNEs concee céncoeeseseeceeesecete 
Dt i dken tebe dadddd webebaeeteat 
POPCIONG, BEG ccccccccccccese bbenecssos vere 
ID annd dd00-00nsdeskeueeve sees 


OL, snnece ceseuene thdebesabors 
DE Mee? nnedes éécesecececses éecesoses 
Rochester, N. Y........ ©8260 cdee seeeeneese 
tj) i Tit nbiend- gudeenteedeonseest eons 
fs PU, BEND cecceccecse cece puaseneeees 


Salt Lake City, Utah...cccsccsccsccccccess 
San Diego, Cal ..... Seacesesece She ssesoune 
San Francisco, Cal.. ......... Keneuse june 
Santa Fe, N. Mex ...... sesadececasen ness 
rere 


SRE CEE -ccescccce caccencecoee seeces 
Spokane, Wash ..... Secessecccaseovecese 
ME WED cccccccccceccecscccccecees ecece 
WE, BEB c ccecc ccccccccstscczces ‘ 

_  § 7. Seo 


Wilmington, N.C..... Senesetoccooccseece 


TaBLe X.—Hourly sunshine as deduced from sunshine recorders, July, 1897. 











- 
g A. M. 
| 
s j 
s / 
3 5 6 7 8 9 10 11 Noon 
—— _ a = -_ | = 
T.| 3% 32) 45' 64 7! 92] 89 92 
?. 50 41 45 43 47 49| 56 62 
P. 7l 65 64 63 63 64) «66 70 
, A 26 2 30 39 55 62 61 58 
, J 3s 31 i 44 50 57 69 66 
P 46 51 » 61 64 66 67 67 
T 38 43 45 48 45 nM) UO 58 
T 37 36 47 ny 71 77 | 8&8 86 
T 57 58 60 64 7 5 3 sl 
T 38 38 46 M4 55 69 | 65 69 
P 7! 72| %| | 7] Ss] 88: 7 
r 2 20 40 Bl 73 79 79 R2 
T 40 33 3s 60 7s 8 | 8&7 oO 
Yi 25 2 31 48 AY 73 73 75 
T ee | a) 63 65 75 83 | 9 93 
| 
P 76 73 76 73 78 76 86 vi 
T 62 66 63 68 68} 7% 78 
T 4 Mw 71 ‘é sO 84 | wo 87 
P 6 75 &5 0 91 SS) 8S &Y 
yy 62 57 no 67 73 &3 85 83 
P 26 29 32 38 46 2 55 61 
T S648) 4 «8 8668) 8] | OR 
P B 14 23 20 41 7 62 71 
T 81 S4 91 YS Ww 100 100 
P. jeccece 46 78 90 93 ed 93 95 
T 49 49 53 63 70 7 | 78 be 
Pr 57 64 76 71 69 7 V7 ve 
7 33 35 3S 3 75 gS 86 gS 
I 61 57 72 83 &3 91) ww 91 
P 54 55 72 78 77 78 | S &5 
i lsasaas f 4| 6) 71) 7| 88| & 
T. 90 79 DD x2 4 XN M4 Sti 
P. 8 17 17 34 53 75 &5 93 
. 76 70 69 6s 6 70 7s gS 
J 22 2 35 41 47 4} 58 61 
| 
y 68 62 70 71 71 74| 79 M 
. 3 ee 37 41 52 62 56) 5 60 
T 4 11 2 M4 53 68 | 7% 71 
P. 10 2 BH) 45 51 BD | 55 nO 
P 61 ST 63 72 iv ™ | 9 SU 
| 
7 28 29 42 45 59 64! 72 76 
P. 71 63 st KS 03 91) 8 92 
T. 27 26 27 37 4 71; &81 74 
y 2 0 1 15 31 47 | OF 77 
T 48 h2 51 AS 66 68 73 75 
P 48 83) 54) 55 62) 64] 68! 6 
’ 35 36 45 5 4 91 4 96 
T 45 39 45 44 48 61) 66 70 
T 71 72 74 8 79 81) &5 92 
P 41 fe) 60 66 66 63) 58 62 
P 72 73 7 83 5 8} 89 87 
Pp 14 14 i) 27 64 81 93 Ha) 
T 11 11 45 58 66 82] 96 99 
P ns 60 rv) 81 V7 SO &1 iv 
P. | 3 57 69 81 M4 3 80 79 
| | 
T 32 35 39 47 62 62; 72 S4 
T. | 4! 68) Gf| | | 84] 8! on 
7. Inscace 68 68 64 62 69! 64 68 
T 67 46 7 9% 10) 100| 100 oF 
P. | 46 52/ 55 61 67, 66) 71 66 
T. | @ 23) 3% 55 73 69 65 63 


Percentages for each hour of local mean time ending with the respective hour. 








P. M. 

2/3 felsileleis 

= 
4! 88 70' 59! 46 38 43 
oO) 7 45 43 35 Be 5 
67 71 65 63 57 39 34 
53) 39) 38 33 20 19 21 
69; 69) 64 55 42 32 2 

| 
66 6) 87 M4 51 47 36 
61 i | 53 2 34 2 16 
gS 85 q7 69 a) 43 36 
75 75 | 62 49 é 2 27 
57 i BS} 53 39 37 34 
65 MM) OM 57 m» 40 36 
V7 71 72 58 40 27 32 
ed 92 wt RZ 75 65 53 
71 73 71 68 59 §2 49 

4 86 7 74 70 6 383 

vis) ive 63 62 56 47 61 
78 72 70 65 72 75 67 
&3 bed 79 78 71 5S 55 
&Y 87 RH 79 76 68 65 
76 78 78 69 t4 68 68 
oO M6 58 52 45 40 35 
71 63 4S 5S 52 ”) 49 
3 SO &5 bed ve Ag 31 
v7 06 95 bd) bs) Hal 96 
9 od) 100 96 SS 57 75 
73 65 oO 59 51 39 35 
63 66 58 59 63 62 47 
79 76 73 61 4 49 46 
ot o1 M4 SZ s1 (4 38 
76 7 SI 7 76 75 86 
86 &3 79 65 42 SB |... 
100 us SH 79 66 a) 51 
06 go 100 100 99 Wt 93 
gu 5 &2 62 63 BY | 59 
63 HS) ey) 46 35 25 2 
80 78 70 62 49 13 24 
53 HY | i ) 41 z 15 18 
72 70 65 Het 42 21 15 
iD) 53 57 | 46 23 24 
ta) 87 SH s) 71 58 59 
69 61 5S a7 40 40 33 
ow oT 93 92 S4 65 61 
75 67 5S 49 29 19 17 
73 73 oO 47 37 8 0 
88; 8&3 77 70 67 71 ve: 
77 73 73 72 72 71 73 
S7 &2 79 68 55 4 37 
64 fi be) Df 38 38 2 
9 &o SN 86 W7 67 63 
rn 7 79 69 58 53 53 
81 87 1 84 78 71 7 
a9 06 oH o4 wR 87 89 
1) 100 100 96 78 39 32 
66 56 53 52 57 40 28 
74 69 67 59 5 44 40 

| 
87 2 82 7 62 i 53 
SN 91 93 Lad 0 76 56 
nO i 43 35 29 i aPPEEP 
96 o% RN. 81 79 f2 41 
73 65 58 60 56 51 55 
58 53 52 51 38 29 32 


| Actual. 


Hours. 
315.5 
208.6 
283.8 
187.1 
240.5 


: 


x Vd 
= te aed 
ene S BOE es 
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= 
ao me OF 


Sete 
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uo 
cee DS 


om 
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~A 
.w 
creo 


240.1 
208.6 
829.3 


313.0 
319.4 
243.0 
203.3 
375.6 
329.5 
335.6 
200.9 
303.0 
310.5 
233.4 
370.8 
280.9 
227.6 


Total. 


Tlours. 
465.2 
439.7 
453.6 
453.1 

461 


479. 
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wena & 


e¢ 
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> & 
zo S 


453.0 


s 
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+ 
Tm BH eo 
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. . z 7, 2. 
a ee 


455. 


— 
=) 
= 
ae 
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465 
455.2 
453. 


.e 
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419. 
442 
439. 
4). 
471. 


444. 
29 
458. 
468. 
458. 


co~ 


~I— +) 


455. 
437. 


ES) 


468. 
475. 


Sa 


475. 


= 
oe 
ee | 


465. 
453. 
471. 


= 


1 


458. 
437. 
4). 


el a) 


434.5 


483.2 
483.2 | 
424.9 
434.! 
453. 


ow 


439.7 | 


Hours of sunshine. 


Percentof 


= 
7 
° ° © 
= 2s 
= | o8 
ane 
® 
* if 
41 
47 37 
63 46 
41 44 
&2 37 
58 56 
48 35 
66 35 
65 51 
53 46 
66 56 
59 59 
75 61 
60 52 
16 52 
70 50 
71 69 
76 62 
S4 3 
73 69 
7 30 
60 46 
58 61 
of 91 
88 79 
63 41 
66 56 
66 63 
sO 58 
76 67 
7 40 
&2 56 
75 65 
rp 49 
 Jocccee 
69 SS 
46 45 
MO oF 
44 31 
7 66 
55 32 
87 79 
52 48 
45 31 
69 
66 66 
72 36 
§2 7 
81 oO 
62 7 
82 62 
75 S1 
74 7 
65 56 
70 48 
O14 59 
7s 55 
Hi) Be 
85 62 
2 50 
52 42 
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TaBLE XI.—Accumulated amounts of precipitation for each 5 minutes, for stormsin which the rate of fall equaled or exceeded 0.25 in any 5 minutes, or 
0.75 in 1 hour during July, 1897, at all stations Surnished with self-registering gauges. 








- one 
| Total duration. c 3 Excessive rate. = 2 Fe Depths of preciptation (in inches) during periods of time as indicated. 
=z - =o 
Station. S268 “eye 
Q 3% Eee 5 | 0 | 5 | 2 | 3 | 9 | 35 | 40 | 4) «50 | 6 | 80 | 100 | 120 
ea a Ses Ute _ ison) ! i i 2 | B | 30 | 38 : t 2 
a From | To ess Began Ended <7” min. min.| min. min.| min.) min.| min. min.| min. min.| min. min. min./ min, 
1 | 2 3 4 5 6 7 
Albany, N. Y.. «...--- 13-14} 4.30p.m.) 8.0la.m.) 2.34) 12.55a.m.) 2.55a.m. 0.50) 0.03 0.07 | 0.13) 0.16 | 0.19 0,22 | 0.27 | 0.32 | 0.37 0.40 0.45 0.66 096 1.20 
Atlanta, Ga. ......... 19 7.33am.| 3.45 p.m.) 2.21 | 10.48 a.m.) 11.28 a.m. 0.02 0.25) 0.52 | 0.89) 1.16 | 1.58 1.68 76 ae db. Lncweeels «dated eernns oa 
Atlantic City, N.J..... 13-14) 1.45 p.m.) 1.00a.m. 2.12 5.25 p.m 6.15 p.m. 0.60) 0.04) 0.10 0.15) 0.20 0.25 0.33 | 0.45) 0.63 0.75 0.79. 

BD ovvcscescesces 23) 6.10p.m.) 9.30 p.m.) 0-88 7.24 p.m.) 7-46 p.m. T. | 0.30 046) 0.48) 0.55 | 0.07 sevslaevees|covees| conse] eccees Sceeeal nan ahbesenath. sees 
Baltimore, Md... ..... 17/ 12.25p.m-.| 5.40p.m.' 1.76 3.28p.m.) 3.48 p.m. 0.38 |) 0.26 0.66 1.05 1.17 |... eee wees éidew licapendease lusaas ludacdalecnsestae lusaven 
Binghamton, ss eas SS ls seiat FE BP Ae RS 8 RR eee SNE SERRE SE Ses: ae ee ERS Ree lara XD Rr ee ese Serre Seer: 
Bismarck. N. mm - ee 3% | 4.48p.m.|) 5.85 p.m.| 0.59! 5.00p.m.} 5.25 p.m.| 0.04 | 0.06 | 0.15 | 0.21 | 0 BD | O.58 |......}..cccefere ofsccee | senceleceseeleces : oe 
Boston, Mass.. <P 20 D.N, 10.0 a.m. 1.48 6.27a.m. 8.27 a.m. 0.16 0.30 0.39 0.45) 0.49 O52) 0.62 | 0.68 | 0.77 0.78 0.99 | 1.04 1.12 | 1.17 | 1.22 
——-* N esesees 11 5.05 p.m.) 7.45 p.m. 1.88 5.05 p.m.) 5.50 p.m. 0.00) 0.20 0.45 0.70 O85 1.00) 1.20) 1.50 | 1.57 | 1-62 cc ece el eceeee ween en) Serer 

esceccoese ones 23 5.47a.m.} 9.10a.m. 0.67 5.47a.m. 6.07 a.m.) 0.00 | 0.20 | 0.42  O.59 | 0.67 |... . cel cee ceeeeeleeeee |e cee) ceeee ereeeelsceees wees leeeees 
eee... CC 4 12.08 p.m.) 1.00 p.m. 0.42) 12.10 p.m. 12.2 p.m.; T. | 0.05 | 0.20 0.87 |......).... 5 RE SAE Fee AR Reg] ee 5. ie’ Sennen Seen 
Cincinnati, Ohio....... 5 4.20p.m.) 5.58p.m. 2.20 4.32pm. 5.32p.m. 0.01) 0.11) 0.31) 0.51) 0.73) 1.05) 1.32) 1.55 | 1.67 1.79 1.94 2.10 2.18 ..... a 
Cleveland, Ohio ....... See ice | OE Ladies svt thenguaksslnneees er Pre ae ae RS ANE Perey Mr aa... Aeewens | SE Bee Ee 
Columbus, Ohio ....... 11 «63.55 p.m.) 8.04 p- m. 3-81 1.03p.m. 4.50p.m. 0.01 | 0.20 0.28) 0.40 0.65 1.05 1.35) 1.65 | 2.00 2.45 2.62 279 2.50 2.86 2.93 
Denver, Colo.......... OEP heicecs SEF OR eee Sf RG GS es Oe ig RARE OE Beret) Sey eS eS Py. a Se Here eS OS RR Pane RAR 
Des Moines, lowa..... 9 3.32p.m.) 8.00p.m. 0.57 3.32 p.m. 4.00p.m. 0.00) 0.15 | 0.37 0.40 0.42) 0.50) 0.52 mae MEP Omran reriarys mee) Sryraem) pemmmen woe 

DO 2. ccccccccceces 23-4 10.55p.m.) 1.2%54.m. 1.05 10.55 p.m. 11.20 p.m.) 0.00 0 O.11 | 0.29) O.57 0.79 | OBB cece cece ee lene ee eeeeee weeeee + « Jeeeeeeleoocceleoecce 
Detroit, Mich. ......... Ot ee Lae RRS ie Pe 0.29 os hadi 5 iol eS ; 
Dodge = ye Kans. .... 19 4.02pm.) 5.40p.m. 1.70 

ake sichaien 19-20 10.28 p.m.) 1.15a.m. 1.78 

Duluth. Minn * peaneawes 2-3 12.45 p.m.| 8.45a.m. 4.09 
ID asksnneee cesses 9 IN 7.35 a.m, 0.69 
Eastport, Me.......... Te is kubsaccdeechssanseaenees 0.65 
Erie, Pa .......se-- win DD | iccccndananelseséencs ~ «| 0.50 
Galveston, Tex.......- 27 7.29p.m., 9.45 p.m, 0.77 
Harrisburg, Pa........ GO fecccés RA EARS 1.55 
Hatteras, N.C......... 12-13 9.30a-m 5.40 p.m. 5.57 
Indianapolis, Ind...... 11 9.55 a.m 1.45 p.m. 1.50 

DD ccsose svexcees 2 6.10 p.m. 9.10 p.m 1.50 
Jacksonville, Flat .... DS lekaiswers os PN fs 
Jupiter, Fla ........... 9 10.00 a.m. 1.25 

DO ..cccccccrecess 2 6.10 p.m. 0.98 
Kansas City, Mo ...... 1 D.N. 9.40 a.m. 1.79 
Key West, Fla......... 31 = OS p.m. 10.15 p.m. 0.83 

DO o sececcse oes 31 .20 p.m. D.N. 0.74 
Lincoln, Nebr..... ch] GPE Teanas dcacdcdewnens aseue 1.78 
Little Rock, Ark...... Ot. datas Ascanbcione: keekee 0.50 
Louisville, Ky ......... 10 12.55 p.m 3.12 p.m. 1.65 

SE pensdedesuaba os 11) «§4.04 p.m.) 7.10 p.m. 1.02 

DO ncesccveess - 24 «11.40a.m. 12.45 p.m. 0.9 
Memphis, Tenn........ 2 2.45a.m. 3.10a.m. 0.47 
Milwaukee, Wis....... DP lewswan hi haeowe eT 
Montgomery, Ala. .... 9 4.52p.m. 6.35 p.m. 0.80 
Nantucket, Mass...... eR NM escee} 0.61 : 

Nashville, Tenn....... 4 6.24p.m 9.15 p.m. 1.95 8.20pm 9.00 p.m. | 0.20 | 0.15 | O B5 | O57 | ORD |. ccceleecceslcccccelrccccelsccecelscceee(sreceele ereslssveeslesenes 

DO ¢ vecccccccec cess WwW 5.40 p.m 9.30 p.m. 1,20 5.40 p.m 6.00 p.m.| 0.00 | 0.17 | O.67 | O.9% | 1 OD |. .... cl eccceeleccsee|ceceelseceee|seeees coceee senses ceeses|seseee 

DO .o000 jai neon 11) «66.38 p.m.) 7.2% p.m. 1.30 6.40p.m. 7.2p.m.) T. | 0.10) 0.23 | 0.41 | O72) O98 | 1.00 | 1.18 | 128 cece els cone we eeee cones 
New Orleans, La.... oe 17 12.25 p.m 1.50pm. 1.35 12.36 pm 1.20 p.m r 0.39 | 0.49 | 0 GO | 0.98 | O.87 | 1.05 | 2.10 | 1.95 | 2.80 J. cccccleccce. fevcccclecssestocss 
New York, N. Y....... 18 7.55a.m.) 2.20p.m.) 0.99 8.02a.m. 9.00a.m | 0.07) 0.06 | 0.11 | 0.19 | 0.33 | O53 | 0.65 | O.73 | OLTT | ccc e lene ee lee ee ee ce eeee ceeeeelens 

DO cccocsccceccess 23 3.36p.m. 7.2p.m O84 3.50p.m 4.°% p.m.) 0.05 0.25 0.40 0.52 | 0.63 | 0.64 O.68 | O.78 |... cee cece el ce ee ee ee ee ee cee ee eeeeerleneees 
Norfolk, Va@...... ..0.. 27 7.00p.m., 7.30 p.m. 0.79 7.03 p.m. 7.22 p.m.) TT. 0.20 | 0.48 | O70 | OTB ccc ee eee eee cee: lente eel ee ween seca e weeeee eeeeee ceeeeslenees 

DO 0 ccc sccccccese 23 7.Np.m.) 8.03p.m. 0.78 7.31 p.m. 7.46 p.m.) 0.02 0.30) O55 0.75 |... 2-6) cee ee lee eee eleeeess sewel oveos|sse0deleesde alsescce|cccecclecsepe 
Northfield, Vt ..... owe °6 4.35p.m.) 8.20p.m. 2.05 5.08p.m. 5.37 p.m. 0.08 0.15) 0.32) 0.49 0.80 | 1.15 1.26 0 1.28 | 2.88 | 1.45 1B cece ee eee ee tere eee eveee 
Oklahoma, OKla....... 20 12.01 a.m D.N 1.48 12.05 a.m 1.05 a.m.| 0.03 | 0.07 0.44 | 0.47 0.50 | 0.60 | 0.73 | 0.76 | 0.94 | 1.09 | 2.17 | 1.24 ceceee ceeeeeleceees 
Omaha, Nebr...... .... %10 3.42pm. DN. 1.03 $45 p.m. 4.20p.m . 0.06 | 0.16 | 0.30 | 0.46 | 0.60 | 0.65 | 0.68 | 0.70 [....ccleneee [ecceeclecceeslen seslecvees 
Parkersburg. W. Va... 17. 5.2Wa.m.| 6.10a-m.! 0.46 5.32a.m.) 5.41a.m., 0.01 | 0.30 0.36 | 0.38 | 0.44 | ..... |p cceee ce reeeleweee [eveeeels sone ceeeee seeees sence! seeee 

eee 2-27 «7.25 p.m. D.N. 1.10 7.50p.m. 8.17 p.m. 0.05 0.09 0.11) 0.24 0.31) 0.47 0.54 scesteceusalevces [oanen [vasen. [oeetkelnebaseleenens 
Philadelphia, Pa...... ef Pe Seer, 4h a Pre as Bees SPE Oe! RSE DSSS Sara peer rl Serer mre here Peon FS eer Ceres: ners 
Pittsburg, Pa ......... 11 3.00p.m. 6.00p.m. 083 3.33p-m. 4.00 p.m. 0.07) 0.10) 0.19 0.40) O.52 | 0.60 O62 cc ccce ec eeee eeeee eeeeee eeeeee vee o [seseosiecuses 

DO ...000-eccecees 18 5.55pm.) 7.25p.m. 0.76 6.00p.m. 6.30pm. T. 0.04 0.14 0.29) 0.49 | 0.56 0.60 0.62 |..... |e ceeee| ceeee ee vena] sosusalecaecelnences 
Portland, Me..... ae OP baiscguenannas ceensesseee OLB lecccsa ide | Vieveunieeslsavadelanhatel —sdaselbinsael Recene paeasaleasena aS Eero! ROARS pore ee OTE | ccvces) cecdelecsics 
Portland, Oreg........ Bt anc avencksbeeseeseesens 3 aieele sucewiancebananial | sakmsbwnaiell aN ren rere woe [ovccce] O1B |. ccrcelsccccclesccs-leccveslecceveloooece 
Raleigh, N.C ........ 2 4.20 pm. 9.00p.m. 1.25 5.40p.m. 6.25 p.m.) 0.01) 0.21 0.37 0.49 0.58 0.45 0.73 0.76 O81 0.95 ..... sae Ehidid Eddtanabiokees 
Rochester, N. Y....... 110 (3.30 p.m.) 9.40 p.m. : 5. .8 : t 2.49 | 2.74 
St Louis, Mo.......... DD ES Fee ‘ 

St. Paul, Minn......... : 4.40a.m. 6.25 a.m. 
DO ccccccccccccecs 5 8.05 p.m. 11.55 p.m. 
BD cease socteses 25 %.44p.m., 3.55 p.m. 
Salt Lake City, Utah.. OP licdscw tennentsdndcd ceee<s 
San Diego, Cal......... DH cacaciessdecahevekavent a 
San Francisco, Cal.... OB) soixancnvicclescseswansas 
Savannah, Ga ......... 5 11.20 a.m.) 11.59 a.m. 
BP v-cscenseccecsss 11 2.25 p.m,; 3.20 p.m. 
BPD og cscce-cecevens 22 #11.2%8a.m.| 1.15 p.m. 
Seattle, Wash........ ° SS CEES Se Stee 
Tampa, =a 11-12 D.N. | 4.40 p.m. AS ' 
Vicksburg, Miss....... 10 7.48 p.m.) 8.50p.m. 1.70) 7.58p.m. 8.40 p.m.) 0.03 0 24 | 0.44 0.62 2 SB | 2:48 | 1.08 | BD fics: scl tncinclicecsclivcedsfescens 

DO ccccccscccccces 18 2.30p.m.| 6.30 p.m.| 1.81 | 3.27 p.m.! 3.47 p.m.| 0.03 | 0.16 | 0.36 | 0.89 | 1.28 | ......|-.cecelecccceleceees i. sek Heesten| sven! Tasate Inxdeerlectste 

oo PE "7 20 8.26 p.m.) 9.30p.m. 1.42) 8.28pm.) 9.10 p.m. 0.01) 0.15) 0.39 0.66 2B | 1.42 | 1.50 | 1.5R | cccee ee oe Jeweeeeleveees secon 
Washington, D.C. 7 3.00p-m. 3.48 p.m. 0.83) 3.00pm. 3.48 p.m. 000 0.06 0.09 0.40 O58 | 0.78 | O.88 | O88 | ccccilecccce|sssccslecsues|ossces 

DD « sccces cccese -| 21-22) 11-0 p.m.) 3.40a.m.} 1.13) 2.37am 3.17am_ 0.53) 0 2/ 0.38) 0.39 | 0.5 -45 0.55 0.58 | 0.60 os» 

Wilmington, N.C.... 2 1.05p.m.) 3.50p.m. 2.60) 1.52p.m., 2.50p.m. 0.32) 0.38 | 0.83 1.23 1.58 1.87 | 2.03 | 2.06 | 2.14 2.25 |... ce eleeeeeeleeeeee 
Yankton, 8. Dak ...... ; DER bivenccceses: Iossascssaces GED ho «ced dn ccee|sctaewsnnansfebocsnlpacondiccisselessnachyetussbesdsnsinapasdl seeses EEA, | RE SP EET See ere Pere 
j ' j | ' 
* Self register out of order during beavy rain of the 3d. Estimated that 1.45 inches fell in 2 hours. + Record incomplete. 
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Tasie XII.—X2ecessive precipitation, by stations, for July, 1897. 
| 32 | Rainfall 2.50 
| Ss inches. or ainfall of tinch, 
as nches, or 
=&£ ¢ or more, in one 
Ss more, in ¥4 
&5 hours. our. 
Stations. a) } 
-_-@? 
2a 
=o ve x a © es 
5 z 3 aeifis 
S2 < =" < = = 
Alabama. Inches. Inches. Ins. Aim 
ID cniccdensnaneepeneéeesses 1 e0n beenteces dees 2.95 | a Ses 
PEE oc ccesececccceccecceccesscese occees oes. 15 100 ) 
See PPTTEPTTITITIL TILT Tt) Pete CEE Pree eee 2.35 100 ; 
SED -0nb006u60oe chess édecdoteesetenéelete S6K0le8s. cacclevvceecs 1.54 130 1) 
iD <cbabe abnd bene eoeedeenbeed coeneeeelaves ess 2.97 aS 
Dt tithcneegeeee Gabe 660000 bb06beneoeeldseseee 200 tn locchetlevenaatnased 
TT phssbGn 6a0eeu sbgnus-ceceeecsness eunceecelaste ste 2.68 | 26-87 |..... one 
DED bGhnenees 2ebenessecedsnseunseecee scee 10.49 6.20 2 6.20 200 2 
Diidbdd’ codbnncectes éanunt acdeecesessonsiense seadienss cecekace 1.49 100 » 
EEE SSN EE Eee ene Sn aA 3.39 18-19 | cose seinewuns 
Di ctcanncgbeescehdd 006006060506 0600 66s00leu es eee 1.65 18-19 | ...<.. ee: Laseans 
PEED ccccdeudtheoenaetscuseeteceséeuccoleses. feeseaseotese ‘ 1.06 100 2 
Arizona. 
Payson ........ COCO Sees eocvececsccesoccs Leccvcees| sees seveleceocess 1.00 10 ”) 
0 ES ee ae Hs Smee 1.29 030 8 
Arkansas. 
NE GRIND cn dddovccsedsaheneciccessclccordcdepsecceselscesenss 1.86 045 18 
QO WAG occ ccccccccccccsccccecss cocccecccee a ee Sere | Se y 
Hot Springs (near) ....... Sudevenese cocnnticonc tees 5. 25 fd ee Ss 
Joneohere PPTTTI TT ITTT ELT Tee eee 150 19 2.50 200 9 
DEE seetécudebs. C6006008) 00608600000000C0l000 i - 1.20 040 10 
EEE a65 e800 60600006 e000 066000006060 s00cecoelesee 5.50 18-19 |..... ke a 
Mossville........ EE Te Seen Meee ene) HREE Seen 214 130 29 
i caseeshe Sabb eae udes 6dsendedees evlnctescosteeeebaseleteces 1.10 O15 9 
ND 66600050. 000606ss cece cesccecccovecscelecssceccsescecseciocessans 2.47 200 Is 
Colorado. 
SD Is on cose duende ounseneteeeeosss ooes| 2.18 | O OO . 
POMIOEED 6 0 0bs bc ccccs cose ceccedseccce coscleccoeses 3. 16 17 3.16 1 30 17 
Connecticut. 
IOUS 60. 00veccs cecenesscncecuceteeseses 18.77 8.71 99-08 | cies 
GED 60066606bb00 6006 400666 666660 6000006040 16. 96 7.93 BBE Lecusvcalnacces 
Tie see coos cove ©6000 0060 ceecseccocs seéaseount 4.14 i Baeaewetaises Rese oc 
Pn wks 6660b5b0 cech eves Chto reer cece Deeeve ‘ 3.38 28-29 |..... 
EE cducnvdceconeca:.cbseastoecesééecaes 10.82 2.87 DN Re ene 
Ben.2 00060 06006000 6060 6608 0000 0006 680566] bea tees 3.60  y RR See Sees 
is cc cteveset side beek Onbebees 6ee as 10.57 3.87 LN SR Rees 
DED o6b6s bénecbe 6406 00%60000608600%00 13.35 5.00 SY EY A RS 
Pp nid mw wdheccsdvepk’ 600000 Knees 60600 vkbelecentees 2. 90 Be hecsesle sce [veces 
De ednnodbcduntichicnabedstedsnte 16.63 6.20 Sh ee Se 
Decccee ceseecces cesecese cosccceecesclocccosce 2.66 is el oR 
hs eabbeddd. & dbbbe Sebied deetdensseensealaieudans 3.42 TR-BD ij .ccceels 
POT UGEE ccccecc cesses 10.12 3.20 DED Laaneacleceeuctecaces 
SI 225 ct ces cene peneet sbebeeesaekwen 19.00 10, 30 | Aa See 
Sy Siudpdecéeooeebeeuss sbnedcanédd. cendlanccedes 2.80 BI-BB jn nce clevces 
iy uduadbepessseendes cece deus acncevacesselaessueus 3.50 OP lensudalavuscelssteks 
PP Ahenebense ces 60st ener Gees secccecs 12.24 5.15 13-14 
ED wee 0606666000000 0066600060008046c0000lcc00€ be 1.02 EP lecccealsccecetesescs | 
MEET Sctdaeuddeeeeeneneedutece nes sh0esees 15. 29 9.18 BD Tass easlenecesiocsacs 
Do. CO SESS Coccccecenns ceeeecce Seeelscceces 2. 86 PED lacocvchesase lecoose 
Delaware 
Ns «4 dnd0dobenhs $00n58ousensececes 600s’ locke sens GAGE © SED Fescccalucanselusves 
Florida, 
SID itd nts abit debate dian udiddtanddee timid 14.55 2.64 ae lasssudiesbsncletecas 
it dibbe ekbeuind Cabs te: sbeet Eukbkued Sheéiee knees 2.82 «Sere 
iE ccccccbedanese 00 s¥eeks«Setnbeeees 11.98 8.61 BEPGS Inuecantsnscnchevesse 
PETMESSUIED 2 cc ccce ceccccccsseccsoosceces 11.33 2.70 12 1.82) 115 9 
Dc edeececcceccescesescorseccecccceccecelescs cosleseececelsccccsce 1.11 100 23 
SE NEE 506006606400 006506606000 0benen sens 11.81 2.64 ih BN Se Pee 
UNE 656008 66065 6000008 66cbeebsete. cbcceclsececces 4.10 | 21-22 iebidashelanees 
DT sovcscccnccencssasecancseéuéeee aveslcase se sdueseblecesecest tan) San 2 
DD .iedcsd.csnnntcddacneseees hanes aende 11.74 2.50 Ee tidanaslewweddtabses 
BEV OED cccccscccccccccscesscccccecscces cosceses 14.82 4.20 7 1.16 100 3 
i Ds tccseneesees babe eendes s0s6dacclesecesss 3.95 6 1.06 10 10 
ED UM cobere- 6060 60006600eceeserséccecclesocecs eieethicaiee mitibe 1.04 O02 2 
SED ‘asnedecnecsence Onwte seendéeceens ncvolsounesce 2.90 3 2.9 100 z 
CT aedencs sh006eGneeseeuseos sense ° - 4.00 2/ 1.701100 10 
NEE 6040000600064 bac000G0seseccee ses pee 2.78 DP. secuslubesaslessees 
MM ecnencceuase e00céete — 7 DR © 4 BBR Seow Seen 
BOSHOR SETI Becccce coves veces ccccesccecs 10.55 Gee | SEU bvececclucencclaceces 
Georgia. | 
BOE ec vccaccccveccccccsscseses coccccee esos leosuseee 4,21 2 4.21 200 2 
ES eae EPR he ere 1.79 O45 19 
PEE nceusesccese 05006600e6008e0 ceccecsevelccessees 3.82 17 | 3.87 | 1 52 17 
DM cccneqeneseeRebebnd ebtddecrncconclecesnsosehudeetédsliued ccec 1.07 100 1 
STEED Sones ccdccece even eeceneesesecesee oa eee ecesloncsecee 1.40 100 1 
IG 0004 e 00000000 606606506064 thee cksslesseccs 4.21 BD leasascliedses 
SI bcebee cone enshenes nace 0peeksescecscecleces ceecteeesencs _hecndeae 1.20 100 3 
Columbus........ aS | 2.65 2 
Bastian ..... 0.06 cceesess 1 
in cicnghsupedss eseeunessest eece cece 
Gainesville,.........+..+. see 
Te cocen cece 2000 000s cece 
Dibeessesseoees 
Sh. Genco dune ceeeseoecseeses 
GND avenveescescce 
Greenbush ....... | 1.30 100 10 
Marietta ........... $0 609000 6668000000 cnccncccleceecees 3.88 UP lecceddiietenantacesan 
DU SchebEeendenhenen Uheks sueheced 6cuenddsccucdactedetees feckdeses 1.17 100 3 
anid chin cubeeeds eieusabeauadisadcecvcteoee suas lee eee | 1.291 080 #0 
NEED cadence vecuccoses eves: <sc Puen Géuh gens Gennes cats 2.60 | DD headecclenssssiecsess 
TIED «ccc cee: eves $606 $608 0006 C0de Caeesesaioececcecteseces : e806 cess 1.00 040 5 
DOs ccccccce POS SSESSSOSOSOSS CeCeeO NCEE ecesloces cece teces cocetoococess 1.38 056 11 
chase acbhteGCOCRRbEeRe Kéndddeces vunaleseccnectetescece feccceses 1.92 100 2 
SENT NSSn6s6Reetercuesesconcsscuteucscccteces cove 2. 54 | BD hesnccclnactanterceas 
WOEOEEES cvccccscccces cecccvccssscencsvcccesleces cece feeseveesiscccsece 2.08 010 2 
Illinois. 
SD 66 ndons ccndadensebdbecdceduckceascetance eoee BGT tT TGS feccccclsccscelecces 
PMavéoctevccesesdned encecee EE RPA SOS Fe 1.26 0580 10 
ssh aindudiebove beubheesiace sient’ sviauulvessce 3.95 | it Isdsouvisecunaeasdey 
Coatsburg ....... vamedaldauexedewukes dntedoiiabees aa 3.00 | BOL. Anacteakans : 








| Solomons 


TasLe XII.—Excessive precipitation—Continued. 


| Ss ‘ 
< 5 —— — Rainfall of linch, 
=e | ie Or, =| Or more, in one 
| @, | more, in 24 hour 
_ =o I hours. . 
Stations. ne 
ss z | 
= L oe . ve ev ° 
fee; 2) 2 |e] als 
a= | «£ | A | 4 io = 
Jilinois—Continued. Inches. Inches. Ins. hem 
OS See ee eee eleece cece 2.58 EE Tanned mpmuuetadase é 
DE. . csukadess censbenssbens bens 6eedserkleaneceed 3.2 Bet esvecioceves 
Be DNS oc 4n0000ced ceuase cence 2.91 SET Liha ctandcuctsanees 
Peoria...... ane enenceenetee6aseeeehese 2.59 BOER lecaccelsceccs! cose 
Rantoul..... ice eens 1.0 100 20 
NE < . 0 n0 cade bden base eeeeessa senbeeehloceuticstosencae .. L221 0@ 10 
PE «¢ neu becaadeetede hee e 666060 00u0ee0sInees eee 3.72 DOOD lnanccelascvecloceves 
Indiana, 
I a a ee” iid ead a eee ae arin eines beide Tae aa heat 1.35 0 30 5 
PD ouiéacecddnet banencdusen 2.94 31 we on: ‘Teaebee 
MED «66000 40e6es egsecoseensreceresesueneeseenes 5.05 B® feccccclocoseslcvcese 
EE cca ctuccdcenhbbbemeens Sbveenenkeneesudane 2.59 of SS Se 
NOD 2.505:009660560a0000 6060-0.00608000R001 S000 s0Es eneeeeuetenee nese 1.16 100 10 
NIE 6 06sec cisececiccoosesias. 1s vequahssscbenstavecasusteausucns 1.20 100 11 
Do. Soudan zeus sineweeeetssenbas ae | Gbehade patiiae 1.45 100 or 
IR 4.0000 cnceectnugedsossessenascdustoussnaes 4.74 10 4.741145 10 
OEE cccceos< 508 68060600800) 000nes 5680 b0088s lewEEstaDleess cecéleoes vere 1.30 100 16 
Marion...... 66-60 60 beds Secctecccceesseenreseslcncceus leceeteestecccees 2.33 100 10 
PS Wis 66 cone ones 6660 6600 6006 0b06cnselececsustlessoncceiesse cscs 1.9% 130 10 
indian Territory. 
I SI, ceuind ae enusnnced+ cece csnasanudebaeedtatce Sbebbhedd>eens 1.70 100 18 
Jowa. 
PRE CORES 6o6bc icccedeecbnaeess vss vevcaesdaleconess 3.05 fee ee ae 
BERTIE 00046 s ceccsssncsee ceseseccecessecessnd seeeesetlavesenseleceesece 1.26 100 9 
Bete Plaine oo oocecccccccccecccccccececcceceseleceseces 3.13 BB loccceslecsee 
Centerville .... Saeed ceed Ginedehd ciusseleéteones 4.12 ee ae 
Gs 60.0000 060600 c0enes 60sces 0900 6004 seseloeeccesslescesses}eess cee 2.2 200 9g 
GE COG cnccs sccced seccccconcse cassnchescenss lends neceleacseues 1.19 #110 bE) 
GE CEO cccdnedccncd Gescucuces<s sancdtuce 2. 91 EE. insnancinadainetcns* 
OT 7 ETT A Pong ? ak 10 
ED soe, cee ceca wale tinea ‘tke clrienee ube 4.62 BED levceceleacseclacoded 
OOSRNGU Be 00s ccesccccccessessecscosccceecselececeses 2.95 EMD Sndedetticscnalececai 
DE icacambnnaneskbes stbbed 6000en0bse0s abe heseduecelesedebastonaceds 1.08 100 17 
PEOUMS PUOMGOME « cccccccccciccce eecncsvecsseleweccess 3.08 OG lacceccloosess 
SR WORGDecccees cucedéebeeeneencsseeeee leccecets 4.27 DPGED léwenneléonscolacsacs 
Mooar 5 éeaucenceennt = 3.25 A Oe eee 
OTE BOCCOMOL. cece cccccccccccecess ceccessloceesece 3.65 0 3.6 200 10 
SE .pcancnkenann desdccdbes eased Shaweee > Sesbeousteualesd ameclanabekan 108 ODS 10 
PEE otiab s0bnnbadenes btncdndesese cceeGene: sauleonedees 2.64 D fascanniasssselecoosc 
ET bin nik Galidhseakhabeudadaonsknbodan shuel odbc: 2.04 SP ixaxcudlsnaccdbaaces 
BIMOGEMSY occcccccccscccccccscccscecccccccsce| covcsess | Oe | RR eee Pere 
Stuart S00 COCCSS SeReEee secesnscosecceselecs 3.15 D lecccesioccccelccccce 
Tt pktih ebeeied 4ke kd enweaeneentahesneedeltenunees 3.36 23 
SE, conn aastats abée bees Goebecdksesersineeeed 4.80 EPGED Iddecaslocacesiccccce 
Whitten WTeTTITITITI TILL Ttliririt rrr ier ree 1. 100 9 
Pe iccacasns nese ctcensdsces Cbb6d0s eb06 198004000 2.95 cS Ss err e 
Aansasa. 
DE ththennads 6008 6446506000050 5000 00 KE 00eu seunlecns cess 2.55 BE Gas ear 
SOD 6h8 vnna' 650s. 0bns c00cnecnzcce wees eseelsoss bes 2.94 DES feccsicslsncesclsscccs 
PD GEN o v0005+ ob nsdceeeeceeccnee cence tends] scceenes 3.48 19-20 1.64 100 19 
Fall River... . .....-. irebRhelees 6660000. Wav ebbs eens 68 ee a eee 
GRO COEF ences cccccncccvcccccccenssscs. evseleoes secs 2.65 DED fecnicclosede hixanvee 
I i. 006 wkndees caceeeecsescences « ghesleseossns 4.00 oD SEM Pe ae 
NOD Sevundécressedcess seséseucadeeslensunees Fee 2 1 eee eee 
Ec Wevenvwees: Gocesaceeeeceneses seescnceseselacen. ose 4.00 B-2O [ecccccles ssclosesss 
DA. esse babe ckdeeeabeneetesuleahe ais 4.52 @ lecocoelseses [uccess 
CE ccces c0ccesccesse ncenss coves coceeseslesesoces 2.50 GD lescbectesese buscess 
RNID Sasdas ceeded cicceecécnencsnensugascecdiuecetecs}ecendceslsencunese 1.06 030 23 
DT dt .ntbtb enedue eaaths pounds deded s6eedatamaatieen 3,22 BO hecccceleeveceehscesios 
MRE od uwbbed bnbdendkedeD Ode . 60640088 2000 0Sleasd Sb0elsecbeanbticedeces 1.00 030 16 
Kentucky. 
BIRD oicncenscens cesecccssen coguscassonvece leccocssslebeeeesslececases 1.10 02 4 
SPEED, ncde. bnn bnt0000dddiencstens 6000 60601b0500066105n6eceeleees cess 1.500 OW 1 
vented 60bbes 006000 d60ebs nedadnases eneelebee-b00e inde ebeatacaresan 1.2 1 00 11 
ccuntued Kbteuedntde deenkhe cadets. ceyneehudecesssledsdenaitenaeasus 1.35 100 F5) 
Sinuas<\euecacveusecequnsesstab’ souded thukincwn sees 2.60 BEBE Jccces [eccsccleceses 
Jj... cert ccceeeunehesciieteauseen  e6eclocenncas 2.50 | PR See See 
DE ccancksk cubanc dabddeansess £56hibeba0rbEbEdaos 4.30 a ee nee 
DN cdvcete bcebeb saenk sheet shaban sdacisnes weactuads onealisbhs ania 1.41 OO 16 
DD e666 066000400000 ShOd bObe Reda beeeerosubledetécbedlhiws deneles bn dake 2.39 130 5 
DOU inode ennuen ocednd cnteeutntn cans deustcece sanalackbenatlosséaenss 1.39 100 10 
DED ccedtheonses bonnes osnaneaelesbselesk obus 8.02 2 3.02 300 2 
SED uo waneneeedoccsctecdetens eeentessiad fekkenacs 2. 60 BD heccce. [ocsvcsloceees 
EGS WONMODa ccacs see 46000 bc00cne tendo oevontes 2.60 BD Nebacdcinccsasiiasses 
SS NE 50gads occusdusessickdns. pusacstincnekeelientéhesiines - 1.74 130 18 
BED 0066s esncnens 000060. 6005ec ceesces:+ césensseleeccoesslecsccess é 1 


Baton Rouge...... 
Hammond.............. 


Do 


Baltimore........ 
Chestertown ......... 
Frederick 
Jewell ..... 
BEY MUNDO 06000060:0006:66660000 000008 
Princess Anne — 
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TaBLe XI1.—EZ2rcessive precipitation—Continued. 
= = 
«) | 
25 Rpintee 2.50 | Rainfall of 1 inch, 
&g nches, or or more, in one 
rb more, in 24 hour 
' a) bours. . 
Stations. be 
as) auleleléle 
8 | = =| & z 
=2 < a < & a 
| 
Massachusetts. Inches. | Inches. Ins. | hem. 
IE b6 adh cack 6nd bund cese neces eekareerseus 13.87 5.04 12-13 » stleeaenal ete 
PTD cccuden 606006656 806040 600006 0050056000 Sees shes aanese Jasecoees 1.044.100 29 | 
FEVOMMIS. «22. cescce coccccccccccccccvccce coeslsvcess Pt a Pe ore 
Springfield Armory... ........ 60s eeee ceeeee 14.99 6.55 | 12-13 1.15 105 7 
ivccads Whnhuce e6sdnennceee tedsnnenselece eke 3.44 ZB-ZD fccccccloces: jocves 
WETS TART: 5 60's 655s ocsicinessessisees exes] sce seee 3.32 | DD loess cofacasetfvasees 
Michigan. | 
BOG CIE . wccccccvcccccccecccccccecsccvcece secs 10. 10 B. 9B | 1-18 [ncccccfecscccleosees 
PRs vecececscnecceessecesssoussvcconces [eees-cnee Ce BBG leoccvstocces facaces 
CE pads dé ibe eine Renneees sete babeeeenss eden otes 3.35 | Oe lntéccalescdadiecasun 
Ps cidednebhdke inquest eben shatwede Ssbhank bikadweks 4.26 8 2 rr ree Pere 
PC pccvatedcebeeeds Sedsuecceneenssdces > lecenwes 4.10 | ee a eee 
NOWDGTEY 00.20 cccces cocces cccccccccesces socclecce ceselscecses Jocceccce 1.23 OSS 15 
GD ane ceccesen 966 0800qee0 ess O0dse 6a 0ecelesen caus 3.07 Be leweece sane 
Pbcibdckctase coscascecebusseqaunddsd séanasireneesee 3.00 EBS PERS PA 
Es. nc wawe guns simkedes dqbk anne dane dbesiestinen 3.13 | FP PRPS, OPER rere 
ID + snc¢ pephendeeddd ereh ends obsees lence sede 5. 32  - {ea eee See 
WE COMO OR a con prc vccccstcccceccesecserseeslevessess 3.80 GB te secclevecudtabenas 
Minnesota. 
SD shan Send cde nes Ghee 6046060 ee sour 00006060401 60600 408 3.28 OL rere AAA Se 
BOGTERISY cvcccccccss covccvccececvccoseseseslsoeeses 2.97 PO Pee em 
PETE insha whe se ennmekes 6843406 40006004 )400u 008s 3.00 D hidanualesestéhensees 
I cas ptt bees. cna edes obesenea canetehboseds 3.17 _ ES See rote 
NS PURROED veins idncecessecn secenctenaka|snas shes 3.30 24 «3.30 040 24 
COTIOMOVEIIG s cases 06cccccees cose sess sees 605s [secesecs 3.47 | @ lowcese] scccssieceess 
PS 6 os.5.50.0 Wks steed eee teen eeed enekedl anbeees 2.60 | EP festa cieteseelaseass 
Dts iicthbtnadaendekhnebbids seen kemidhenlaaan ewes 4.20 | 0 RSS Steve Daa 
DINED wi etceneosstsavncerssenseedsnech cuaxfeeeseute 2.50 | _ BR SE pe 
PED... chen. cb 0+ wren ceed.cuce seneeseeteceekaelaensaens 2.94 | GO. lecevccl 166456leinane 
SINE cnc cvcsoos secesedesvesvesceoss voveleesounse 2.85 6 1.52) 130 81 
i Tn... sock dens ened babateasaweeleeal aaud 2.83 Oy pe BARR He 
DCS. scGuiceds sam sanah’ sbbdvbbsededlenee Sais 2.75 fe ree Saree 
Ps Cr, 5. cbessneds sheeceenleses outs 4.21 B lccanctaxtsxsticcwas 
I a ee, ocala deen specail 2.0 OF liasccslccsse laseeas 
ROGUE cnnccccccescs seccecsccccacccccesnceses 10.80 3.00 | © fisaes: Ievccevlactncs 
BRO TRE + 000s ewes ccne ccsnessesescostsencelsscecens uke. wane beseewawe 1.2% 030 Q 
DD tcuendépesetabh ackedhatn eens tes ebum 12.81 8.00 | D héccscchoeceselsessas 
SD adadekds. Cove qendeew Asenued. e6ed de0eledeoeues 3.60 GS lesune Maceeatadsvax 
INI, arin to waite nies - iste daniels Waki sa aieler ean w nes bakis Ser teed ici oka 1.15 100 29 
Ps ccugcneccuesnenvaqncecescesevauvuce seselegeeene 4.3 BO laccncslesvecslecsecs 
EE SRE rE TT PTT, r= 3.23 ASR ER ARREEN 
TEE CMR ccctee ened ss seccguseudcdneestis 10.16 2.53 | SF ivcuvealeseeedlandcds 
PS EN kaka cece thae Hb0tSeeeeinned6u bteded heed ceed 3.95 | BB levccaslscckcalessces 
PI DUES sckcbccncccccccccccsetccentésualencteecel co tebvbiwssese 1.22 045 2 
casts dediedep oghadnnmeedaenbeeees 12.81 4.05 _ | a CA Eee 
BD veces ccccevcece $OONCCe Cees sess cccsesleeseeeee 3.90 2. 3.90 20 4 
GN vith anmh 16: edi ntti bed neend besedaeen el wieEeeneeAaaeaanas voneel Gan Bae 2 
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TaBLe XII.—E cessive precipitation—Continued. 
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Chart V. Hydrographs for Seven Principal Rivers of the United States. 
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